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GEOTHERMAL DATA OF é UNITED STATES 


INCLUDING MANY ORIGINAL DETERMINATIONS OF 
UNDERGROUND : TEMPERATURE. | 


Ву N. H. Darron. 


INTRODUCTION. 


The purpose of this report is to present all available published data 
bearing on the rate of increase of underground temperature with 
increasing depth in the United States, together with several hundred 
original observations by myself and my associates. A canvass of the 
governmental, State, and serial publications has yielded many 
records of temperature of flowing wells and also a few observations 
made with thermometers in borings and deep mines. Additional data 
on temperature of flows have been given by correspondents. Some of 
the data, especially those relating to flows from wells, may not be 
reliable, and as a rule these could not. be discriminated. Many 
records are omitted because no facts are available as to the source of 
flow. 

During extended investigations of the geology of underground 
waters in many parts of the United States I and my assistants һауе 
had opportunity to observe the temperature of flows and to sink 
thermometers in deep borings. One very important contribution 
has come from an associate, J. E. Todd, who recorded the temperature 
of flows from a large number of wells in central-eastern South Dakota. 

Mr. C. E. Van Orstrand, of the U. S. Geological Survey, has taken 
observations in various exceptionally deep wells in Pennsylvania, 
West Virginia, Oklahoma, and Texas, with very accurate apparatus, 
but only a few of the data are published. 

The principal feature brought out by the data here presented is the 
fact that the rate of increase in underground temperature with 
increase in depth varies widely from place to place, though probably 
subject to certain regional relations. There is also a local and possibly 
в general variation in rate at different depths, but few of the observa- 
tions have afforded data on this matter. The fact that there are 
regional variations has been recognized for half a century and was 
brought out in considerable detail in Prestwich’s compilation of data 
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up to 18861 and his later publication in 1895.2 "This observer and 
others later have grouped earth temperatures and attempted to show 
their relation to rocks.and minerals of various kinds,’ petroleum, 
flowing water, etc. "There are undoubtedly in the earth many factors 
that may influence the rate of temperature increase, such as variation 
in conductivity of rocks, underground tension, mineralization, vol- 
canic influences, and movement of underground waters. Variation 
in radioactivity has been suggested as a factor, and the influence of 
bodies of cold water, such as Lake Superior, and the former presence 
of glacial ice are thought to be causes of local diminution of earth 
temperature. Positive evidence is lacking as to all these matters, 
however, and we must await the results of extended special investiga- 
tions before the weight of the several factors can be evaluated. 

In nearly all my calculations of the rate of increase in temperature 
with increase in depth mean annual air temperatures were used as a 
Standard. These were obtained from publications of the Weather 
Bureau, United States Department of Agriculture, and nearly all of 
them represented averages up to and including 1916.5 In places 
for which no observations are on record temperatures were deduced 
from means of near-by stations, with due consideration of difference 
in latitude and altitude. It is realized that these means of air tem- 
perature may differ from the ground temperature a few yards below 
the surface to the amount of 2? or more, but they were the only data 
avallableforcomparison In afew places the temperatures at shallow 
depths were recorded, and the rate of increase could also be calculated 
from them. 

The thermometers used by me and my assistants and supplied to 
certain correspondents were maximum self-registering instruments 
made to order by Henry Green, of Brooklyn, N. Y. The style is 
similar to that used by William Hallock, but certain modifications 
were found desirable. The modified form has been termed the Dar- 
ton thermometer, but the difference hardly merits the title. The 
main features are shown in figure 1. A 10-inch outer tube of heavy 
glass, sealed, carries an 8-inch thermometer held by plugs of cork, 
C; S, stricture; r, rounded end of mercury column. The calibra- 


1 Prestwich, J., On underground temperatures: Roy. Soc. London Proc., vol. 41, pp. 1-116, 1886. 

? Prestwich, J., On underground temperatures, in Collected papers on some controverted question in 
geology, pp. 166-279, published separately, London, 1895, 

з Königsberger, J., Normale und anormale Werte der geothermischen Tiefenstufe: Centralbl. Miner- 
alogie, 1907, pp. 673-679. 

1 Königsberger, J; and Mühlberg, Max, Uber Messungen der geothermischen Tiefenstufe deren Technik 
und Verwertung zur geologischen Prognose [etc.]: Neues Jahrb., Beilage Band 31, pp. 107-157, 1911. 

5 Climatological data for the United States by sections, vol. 3, No. 13, Washington, 1917. 

6 Slichter found while investigating the underflow of Arkansas River in western Kansas in 1904 that 
the temperature of water in shallow wells ranged from 56° to 58° F., or 2° to 4? higher than the mean annual 
air temperature of the region. (See О, 5. Geol. Survey Water-Supply Paper 153, p. 12, 1906.) 
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tion is in degrees Fahrenheit and is readable to half 
a degree with certainty. 

Most of the instruments were verified at the 
Bureau of Standards. As a rule they were used 
singly, but in certain places two instruments were 
used either simultaneously or in succession. They 
are intended to be sunk bulb end up, for the mer- 
cury in the bulb end does not easily jar past the 
stricture. In warm weather care is taken to chill 
the instrument before lowering. It is wrapped in 
flannel, placed in a 14-inch piece of 1-inch lead 
pipe, and usually lowered by means of No. 18 wire, 
with care to avoid jars. 

Generally the instrument was left down the hole 
overnight or at least four hours. In observing tem- 
peratures of flowing water I and my assistants used 
ordinary 6-inch thermometers readable to half de- 
grees and tested as to accuracy. Nothing is known 
as-to the kind of instruments used for most of the 
observations given in published reports or fur- 
nished by correspondents. They probably varied in 
character. 

Throughout this report temperatures are given in 
degrees Fahrenheit, depths in feet, and yield of 
wells in gallons à minute. Although the geothermal 
gradient should strictly be stated in units of tem- 
perature per unit of depth, it is customary, in order 
to get larger and more readily comparable quanti- 
ties, to use the reciprocal statement, units of depth 
per unit of temperature. The figures are here given 
in feet per degree Fahrenheit. A high gradient is 
of course represented by a small number of feet per 
degree, and vice versa. 


ALABAMA. 
TEMPERATURE OBSERVATIONS. 


Many observations of the temperature of waters 
from flowing and other wells in Alabama have 
been recorded, most of them by the State geol- 
ogist.1 Unfortunately, in the greater part of these 
observations the source of the water is not stated, 
and there is uncertainty as to the accuracy of the 
thermometers used. The following selected data are MORS agmen 


believed to be of sufficient value to be considered. 128 deeP-welluempera- 


1 Smith, E. A., U. S. Geol. Survey Water-Supply Paper 102, pp. 277-331, 1904. 
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Temperatures in wells in Alabama. 


| а Average for 33 years. 
| 5 Cased to 843 feet. 
"i c Average for 30 years. 


{| е Selma average for 27 years. 

| 7 Flomatom average for 25 years. 
il -g Livingston average minus 0,19, 

| в Livingston average for 33 years. 
Jl i Livingston average minus 0.3°. 

j Livingston average minus 0.2°. 


p. 247, 1848. 


i] d Am. Assoc. Adv. Sci. Proc., vol. 10, p. 95, 1856. 


k Tuomey, Michael, Соғ of South Carolina, 


Depth 
Mean |рег degree 
ll Total Depth Flow Tempera-| annual of in- 
Well. depth of flow } (gallons per ture air tem- | crease in 
(feet). (feet) minute). (° F.). | perature | tempera- 
| (* Fo ture 
| (feet). 
Бан County: Eufaula, 1 mile south 
ЖОЛ УА Ты Brune okey 950 мы 6 68 а 64.6 103 
восі County: Union Springs........ 848| 08431 Pumps 149 7 с64.6 74 
Dallas County: 
Cahaba: 
бта ӨШ don 25. cb cap cece s ces 428 faeson de 1,200 17% e 64.8 57 
Courthouse 4... 555 D е 64.8 55 
Bell’s Hotel d. . 400 79% 664,8 45 
Tuntetsüeld ne... сла 550 69 e 64,8 131 
Selma: 
| Ferrill well 4... 487 68 €64.8 152 
| Main and Wate 470 72 e64.8 65 
Foundry 4. ............... 409 |. 67} e 64.8 136 
Escambia County: Brewton. 151-490 68 66: 11-е 
Greene County: 
Boligee 70 063.7 50 
Do.. 68 g 63.7 96 
} Do. 68 9 63.7 58 
il Boligee, 4 miles north of............ 66 963.7 62 
| Boligee, Canfield'sd..... кары 70 963.7 83 
| Boligee, Finch’s Кетуй............ 7i 9 63.7 75 
Dok RAR Fes тамы eee 67 h 63.8 92 
Burton Hill, Dr. Perrins. .......... " ^63.8 87 
Етер ois ыс қы ee S 68 h 63.8 80 
Eutaw, 44 miles south of........... 71 163.5 27 
Е utaw, 6 miles south of.........-.. 70 103.5 46 
| Eutaw; 9 miles south of. ........... 71 163.5 66 
Do ftii E И vi 163.5 69 
Eutaw, 10 miles south of— 
Creswell No. 1.. 72% 1063.5 59 
Creswell No. 2 71 163.5 59 
Creswell No. 3.. 723 203.5 61 
| William Glover'sd., ........... 72% 2063.5 57 
| Morrison, 3 miles southwest of ..... 68 269.6 66 
|| Steeles Bluff 69 363.6 74 
|| Locality not given k.. 68 463.6 66 
| Dor E Eis 70 363.6 82 
| ОЕ алсу eee ОГАН 72 763.6 63 
| Hale County: 
i} Cypress Вер оне. 67 163.5 56 
| Evans, 2 miles west of... .......... 67 т 63.8 5) 
! Evansville station.................. 68 m 63.8 43 
| Evansville, several near 68 m 63.8 38 
| Evansville, 4 mile west of 67 m 63.8 42 
| этевпвВого...:...-.-....: oe) 68 n 64 35 
| Greenwood, 3 miles east of......... 67 61.8 32 
Greenw ood, З miles southwest of. . 67 61.8 27 
|| Greenwood, 3to 5 miles southwest of 68 61.8 23 
| Do 68 61.8 28 
i 68. |а ent 
! 67 61.8 77 
il 75 065 71 
| с 1-2 75 965 72 
Mays station, 14 69 061.8 40 
ыо Ci i Ч аы 72 464 29 
нм ене cuiua 70 464 50 
| ета 3 miles west of . 70 464 73 
оо cs сүн. E 69 464 12 
Stewart ...... 67 r 63.8 94 
Lock No. 4 66 61.8 50 
Marengo County: 
| ТАПАЛ ЖЕТЕС Loire rq r.i 1,200 1,115 | Pumps 20 873 165.2 143 
! Mobile County: 
| Mobile tices: Фар oor lerne 700 ЛУ ЕЗАРА | 400 76 u 66.1 7i 
i RA tea s Н Ue Ts SWF es 3009. 14462 1,000 78 u 66.1 67 


1 Mean of Greensboro and Tuscaloosa. 

m Greensboro average minus 0.22, 

т Average for 38 years. 

o Uniontown average for 31 years. 

р Average at Lock No. 4 for 20 years. 

4 Greensboro average. 

т Greensboro average minus 0.2°. 

8 Probably cooled by mingling ofupper flows. 
t Uniontown average plus 0.27. 

u Average for 45 years. 
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Temperatures in wells in Alabama—Continued. 
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Depth 
Mean |рег4ергее 
Total Depth Flow Tempera-| annual of in- 
Well. depth | offlow | (gallons per} ture | air tem- | crease in 
(feet). (feet), minute). (° F.). | perature | tempera- 
E (* Е.) iure 
(feet). 
Pickens County: 
Sherman, 2 miles west of........... 30 72 a63.3 69 
Sherman, 1 milesouth of........... 6; 72 263.3 69 
Sherman, 3 miles west of...........|  795|:.........11............ 71 a63. 3 94 
Vienna, пбаг.............-----..... 8 67 563.3 103 
LR Ue c НЕБА 28 3 66 563.3 130 
Russell County: 
Glenville........ 22e err RR- 43у - : 60 67 c64. 6 73 
рРийзһого....................-..... 1 72 <64.6 30 
Dotais рее АЛГ 30 68 <64.6 54 
Әлтіфегіога.............--.------.-- Several. 68 c64.6 48 
Sumter County: 
Ерев.........................-..... (tbe Pree aS X 70 463.7 120 
Epes,3 miles southeast of.........- 800-900 28 79 463.7 52 
Epes, 35 milesnorth of west of..... 70 1 72 463,7 84 
Сізіпеву с,пбаг................... 5 73 e63. 5 66 
Gainesville, 13 miles west of. ....... 2 74 63. 5 67 
СаіпеѕуШе,25 miles southeast of... 3 12 e63. 5 704 
3ainesville, 4 milessoutheast of... . 4 ті «63. 5 73 
Gainesville, 31 milessouth of....... 12 71 63.5 80 
tainesville,6 milesnorth of........ 1 71 #03. 4 60 
Gainesville, 4 milessouthwest of. .. 700 700 i 71 е63.5 93 
"Warsaw 560 560 5% 71 963. 8 78 
Оо ес. Nx 1 68 068.8 95 
Warsaw, 4 mile west of.. 1 70 963.8 74 
Warsaw, 7 milessouthw 2 ті 963. 5 97 
Warsaw, 1 mile west of E] 69 063.8 58 
Warsaw, near 11 68 963. 8 71 
рос 69 003.8 76 
Tuscaloosa Cour 
'frullstatíon ЕТ coquere es es eque 38 67 063.3 57 
Hullstation 30 66 563. 3 74 
Lock No. Dral о с ен ена 60 67 003. 3 43 
Tuscaloosa, 9 miles southwest of.... 2 66 h63. 1 81 


c Livingston average minus 0.39. 
f Livingston average minus 0.4°. 
9 Livingston average. 

h Tuscaloosa average for 36 years. 


a Livingston average minus 0.5°. 

b Tuscaloosa average plus 0.2°. 

с Union Springs average. 

4 Livingston average minus 0.1°. 

Temperatures of flows from wells that derive part or all of their 
water from unknown depths are reported as follows: Boguechitto, 
Dallas County, 460 feet deep, 68°; Boligee, Green County, 468 feet, 
6619, and 420 feet, 66°; Montgomery, 550 feet, 68°, with some 
water from 480 feet. 
SUMMARY. 


Probably several of the wells represented in the table have 
admixtures of water from different depths. The well at Union 
Springs, in Bulloch County, is pumped with an output of 150 gallons 
a minute, and as it is cased to a depth of 843 feet its water probably 
indicates the underground temperature with fair accuracy; the 
rate of increase indicated is 1° in 74 feet. The two deeper wells 
at Cahaba if cased to their bottoms indicate temperature increases 
of 1° in 57 and 55 feet, but the record of the shallower well at Bell’s 
Hotel, with a rate-of 1° in 45 feet, in some measure invalidates 
the data from the others. The 409 and 487 foot wells at Selma may 
have mixed flows. The exceptional temperature of 72° reported for 
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the 470-foot well may be a mistake. The Eutaw wells show rates 
of increase of 1° in 27 to 66 feet. The Steeles Bluff well is cased to 
a depth of 360 feet. Its recorded rate of increase of 1° in 74 feet 
is probably reliable if the thermometer reading is correct. .This 
rate is subject to a small plus or minus correction due to uncertainty 
as to the mean annual temperature. The Hale County wells of which 
the depths to flowing water are recorded show considerable range 
in rate of increase, mostly 1° in 34 to 54 feet. The wells at Mobile 
indicate rates of 1° in 67 and 71 feet. The temperature of the 
water from the Pittsboro and Millwood wells, 72°, is remarkably 
high for wells only 219 and 236 feet deep and indicates rates of 1° 
in 30 and 79 feet, respectively. These figures might be modified 
slightly, however, if the exact mean annual temperature were 
known. The same is true of the 200-foot well 4% miles south of 
Eutaw, in Greene County. Hale County also shows some high 
rates of increase. The low rate of the 200-foot well at Linden, in 
Marengo County, is a notable exception in the region southwest 
of Tuscaloosa. The Epes 750-foot well, the Huntersfield well, and 
the Selma wells (except the 470-foot well) are others having lower 
rates than the many wells that show increases of 1° in 50 to 90 


feet. 
GEOLOGIC RELATIONS. 


All the wells given in the list are in the southern or Coastal Plain 
part of the Staté and penetrate sands, marls, and clays of Cretaceous 
and Tertiary age. These strata form a succession of sheets which 
dip southward at a low angle and mostly thicken in that direction. 
They lie on a basement of older granite, schist, and other rocks, 
which is nearly reached by the deeper wells in the northern part of 
the Coastal Plain district, among them the deeper wells in Tusca- 
loosa County, the wells 500 to 550 feet deep in Greene County, the 
deeper wells in Pickens County, the 930-foot well 3 miles southeast 
of Epes, in Sumter County, and the 1,200-foot well at Linden, 
Marengo County. These wells appear to show a wide range in rate 
of increase of temperature, the rate in the well at Linden, the deepest 
well reported, being very low—1° іп 143 feet, if the temperature of 
the flow is given correctly. The group of wells in Bullock, Russell, 
and Barbour counties, most of which draw from younger forma- 
tions, show no special variations. The temperature recorded for 
the wells in Selma, which draw from the upper part of the Tusca- 
loosa formation, is about 68°, indicating a low rate of increase. The 
wells at Mobile draw from higher beds and show a rate of 1° in 
about 70 feet. 
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ARIZONA. 
SOURCE OF INFORMATION. 


Underground temperatures in Arizona have been determined by 
W. T. Lee, C. A. Fisher, and A. T. Schwennesen, of the United 
States Geological Survey. In 1904 Mr. Lee made for me a number 
of observations in wells and shafts at the Congress mine, near 
Phoenix, and in the Plateau region, and from 1913 to 1915 Mr. 
Schwennesen ! obtained temperatures in the San Simon Valley. 


PHOENIX. 


Several moderately deep borings were made in Salt River Valley 
near Phoenix, most of them sunk to develop water supplies from 
the deep desert-valley fillings. In January, 1904, Mr. Lee? care- 
fully determined temperatures in these holes by sinking Darton 
thermometers with the results set forth below. The mean annual 
air temperature at Phoenix for 21 years, 69.4?, is used in the calcu- 
lations of gradient. 


Temperature in wells near Phoenix, Ariz. 


Depth 
1 ed f 
1 Temper- | degree о 
Well. “де ature | increase Remarks. 
(feet). | (эку, | intem- 
perature 
(feet). 
4 М 5 fect ut 
Murphy & McQueen ranch........... ( 454 45% f Too Бар feet deep but clogged at 
Consolidated Canal Co............... i An H б % үн DS deep but clogged at 


835 83. 61 | All water cased off; thermometer 
down 20 hours. 


800 82.1 63 | Thermometer down 2 hours. 
700 81.9 56 Do. 

860,80>7:0 5.5242, 29552. 600 81.1 51 Do. 
500 80.6 45 | Thermometer down 17 hours. 
400 80 38 | Thermometer down 7 hours. 
300 79.8 29 | Thermometer down 16 hours, 
200 79.1 21 | Thermometer down 3 hours, 

E. F. Kellner, sec. 6, T. 1 N., R. 1E.. 324 82.3 25 

"CÓ Grape Co., sec. 4, T. 18., К. 4 319 74.4 64 


The increase is 34° from 150 to 375 feet in the well of the Consoli- 
dated Canal Co., though it is only half a degree from 150 to 349 feet 
in the well at the Murphy & McQueen ranch. Lee suggests that this - 
difference may be due to freer circulation of the underflow at the 
latter place. 


1 Schwennesen, A. T., Ground water in San Simon Valley, Ariz. and N. Mex.: U. 8. Geol. Survey 
Water-Supply Paper 425, pp. 1-35, 1917. 

? Lee, W. Т., Underground waters of Salt River valley, Ariz.: 17. S. Geol. Survey Water-Supply Paper 
136, 1905. 


ы GEOTHERMAL DATA OF THE UNITED STATES, 
CONGRESS MINE. 


“Тһе large Congress gold mine, south of Prescott, Ariz., which has 
been worked to à depth of 1,300 feet, was selected for a series of 
careful determinations of temperature. The tests were made in 
March, 1904, by W. T. Lee, in shafts No. 6 and No. 3, which had not 
been worked for several months, A week in advance of the tests 
holes from 5 to 9 feet deep were drilled at various depths into the 
walls of side drifts 30 to 142 feet from these shafts but out of the 
main currents of ventilation. The thermometers were lightly cov- 
ered and allowed to remain in the holes from 10 to 24 hours. The 
shafts are steep inclines, No. 6 being at an angle of about 45° and 
No. 3 at about 21°, and as they extend downward the land above 
rises considerably. The depths given below.are taken from a surface 
profile in which the elevations were determined barometrically by 
Mr. Lee. 


Temperatures in shafts at Congress mine, near Prescott, Ariz. 


Thermom- Depth per 
Vertical eter re- | Tempera- |, degree of 
depth mained in | fyre te F ) increase in 
(feet). hole 2 "*| tempera- 
(hours). ture (feet).a 
298 Ne D eg esie ese ee eer АЕ е чаа a рест 205 23 СӘНІМ е cere A 
687 10; 71.4 156 
1,125 105 74.6 167 
1,285 221 82.1 89 
560 24 76.6 63 
1,158 24 84.2 70 


в Based on mean annual temperature of 67.7°, the average for 1897 to 1904 at the mine. This is probably 
too high, as the mean at Wiekenburg, about 1, 000 feet lower in altitude, was 64.2° for 1916. 

The rate of increase in shaft No. 6 is 1° in 78.7 feet between 560 
and 1,158 feet. The rates in shaft No. 3 are 1? in 146 feet between 205 
and 687 feet, 1? in 137 feet between 687 and 1,125 feet, 1° in 141 feet 
between 205 ad 1,125 feet, and 1° in 21.3 feet hetween 1,125 and 1,285 
feet. The rock is granite, mostly massive, but at the 1,285-foot level 
in shaft No. 3 the observation was made 8 feet below a 2-foot zone of 
crushed schistose material with slickensided surfaces indicating much 
movement. Probably this condition caused the much greater increase 
of temperature between 1,125 and 1,285 féet than in the intervals 
above and in shaft No. 6. Shaft No. 6 is all in massive granite down 
to the vein, which is cut at 1,158 fect. The temperature at 1,285 feet 
in shaft No. 3 was verified by a duplicate observation. 
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PLATEAU REGION. 


Several observations were made in borings along the Atchison, 
Topeka & Santa Fe Railway in Paleozoic rocks in the Plateau region 
of north-central Arizona, resulting as follows: 


Temperatures in wells along Atchison, Topeka & Santa Fe Railway in north-central 


Arizona. 
" Кер 
Tem- ean [рег degree 
Depth Ь annual jofincrease 
Well. (feet). . | Рет ere air tem- | intem- VONT 
^ dea perature | perature 
SE Lu (feet). 
1,004 a90. 5 b67 45 Standing water below 346 feet. 
"uec Eun e erro ba est by W. T. Lee, September, 
455 80.6 67 34 No work for 3 months. Test by 
W. Т. Lee, September, 1903. 
1,043 73.4 c52.3 50 553 feet of water in well. Test by 
JNelson.:. 25:522. ГУ ы W. Т. Lee, September, 1903, 
200 61.2 52.3 23 No work for 4 months. Test by 
W. T. Lee, September, 1903. 
700 84.2 52.3 22 Thermometer down 2 hours. Well 
was being drilled all day and 
Бенрщап 22. 5->-5242528- had been ‘‘shot” 8 hours before. 
Test by С. A. Fisher, June, 1902, 
1,216 77.9 52.3 47.5 | Dry hole; tools in bottom (1,479 
feet). No workfor24hours. Test 
by W. T. Lee, September, 1903. 
DOr«s c енер нйн» 227 69.5 52.3 13 Old hole, Test by C. A. Fisher, 
June, 1902. 


a Duplicate tests, closely accordant. 
b Mean of Needles, Calif., and Kingman, Ariz.; may be somewhat lower or higher, 
с Seligman average for 10 years. 

In the Yucca well the rate of increase was 1? in 55.5 feet between 
455 and 1,004 feet, and in the Nelson well it was 1? in 69.1 feet 
between 200 and 1,043 feet. Both holes are in nearly horizontal 
limestone of Carboniferous age and perhaps had reached the under- 
lying Cambrian shale. The Seligman well was tested at two levels, 
first at 700 feet and 14 months later at 1,216 feet, where the tem- 
perature was 6.3° cooler. At Seligman there is a mass of later 
Quaternary basalt several hundred feet thick which may retain 
some of its original heat and so cause the higher rate of increase near 
the surface. In another hole at this place 227 feet deep and entirely 
in the basalt the rate is still higher. Below the basalt the boring 
was in Carboniferous limestone in a shallow syncline. 


SAN SIMON VALLEY. 


San Simon Valley, in the southeast corner of Arizona, contains 
many flowing wells 200 to 1,230 feet deep, drawing their supply from 
the thick valley fill of sand and clay. Mr. Schwennesen made the 
following tests. 
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Temperatures in wells in San Simon Valley, Ariz. 


Location, 


T. 13 S., R. 29 E.: 
NW, 1 sec. 18. 
NE. 4 вес, 24.. 

T. 13 S, R. 30 E.: 
NW. + sec; 32. 
NE. 1 sec. 9... 
N Wy t socal liist Shei a ea 
NE з вес, Жалы N 
Бы 56015,4 А. 
AN Wis poot- Berardon 
NE,Ts60.041 5458 ЖЕН бу dd 
NE. ts ME Sh alae Ce tome 
МЕ, 1 se 


NENT see eewm ITO Tp: DT 
BW. вес, ОО ЖЕКИ, К. 
БЕ? 600022085 08. 22 c ates ra aae 
PE. T8ed 00i, мос озса TAL T OM 
SEFT ДӨӨ ОТ RIOT AL ESI т 
БЕ, 1 see, АҒА аа а. 
NW Жвео; 98223905. о 5252254; 
МЕ;2вев,28. ъа ао 
Мн ЕЕ arse eee с ар 
Весо ЕВИ Е. 
T. 13 S., R. 31 Е: 
БҮ: sect 20007 tt 20000) XU pena 
CAE ELO PIRE S e Ceo 
SW + SoC; Фа UAM cr 
„% see, 31... ча 


‚ + sec. 33 
1 


. + sec, 33 E 
ioc за Wer IM db 


Sea serie aaa. eases 
SW. 2 sec. 11 
SW. 2 sec. 11 
SW. 1 sec, 13 
БҮ жабы 221077... 

IN Wiad Reon mL LE 
IN'W ot SOHO tee cokers ce 
IW ЕЛДЕ NC eT rt 
Буве тоа. у: 
BEd веб балталы ез. 
КЖ, secre а ары 
IN Wit 5602100 ы 
NE. 1 sec, 21.. 27 

NE. 1 sec. 21 
БЕ, 1 sec. 21. 
NE. 1 sec. 22. 3 
ВУ/225602222221 9 9 1:08 

SEE 86000 SR ES 

NWE SCC#23 ac 751. етее езда ee 
Буе Босо н с ы 


Flow 


(gallons 


per 


minute). 


Depth 
per 
Tem- | degree of 
perature | increase 
(° F.). | intem- 
perature 
(feet).a 
83 48.6 
105 24.2 
109 19.7 
93, 98 |27. 6-32. 5 
* 96 30.9 
88 33.4 
BE (osos e. uo. 
92 33.7 
80 58.5 
75 90.7 
80 59.9 
84 48.1 
84 50. 0 
78 67.7 
105 23.4 
79 61.3 
83 84.4 
82 50.3 
84 80.0 
83 33.3 
73 85.7 
84 84.2 
83 34.8 
80 37.4 
72 90. 0 
82 40.3 
82, 80 |37. 3-32. 3 
81 40.0 
79, 78 |48.7-45.1 
81 48.4 
79 78.6 
84 47.3 
82 51.0 
80 40.0 
81 44.0 
81 42.0 
81 58,6 
82 62.3 
78 69.3 
72 111.0 
80 42.6 
75 72.6 
76 53, 2 
78 60.6 
73 70,8 
77 65.0 
78 62.7 
50 54.4 
76 13.1 
80 41.0 
74 71.7 
78 51.2 
76 40.4 
T 109.0 
80 33.3 
16 49. 5 
15 44.4 
79 60.0 
80 53.7 
83 41.0 
79 52.2 
84 45.4 
70 242.5 
77 74,9 
84 89.0 
85 40.7 
78 48,8 
85 38.1 
83 43.5 
84 32.3 
83 42.4 


a Calculated from 65.3°, the average at San Simon for 9 years to 1907, 


Very small flow, 
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Temperatures in wells in San Simon Valley, Ariz —Continued. 


Depth 
Flow pos 
4 Tem- | degree of |- 
Location, Depth | (gallons | perature | increase Remarks. 
(feet), ере (° F.). | in tem- 
i perature 
(feet). 
T. 14 8., R. 31 E.:—Continued, 

SE. вес, 23.. 620 180 80 42.2 
SE. 1 sec. 23.. 4 ТОЕ 8 49.0 
Сата таз 580 90 7 42.3 
КҮ 560222412 тсе 590 87 77 50.5 
NES 3 500525. eneore аса ‚= 640 134 80 43. 5 
SESE ЕР ОАЕ МЫ етегі ДУ зар E 660 137 83 37.3 
NW. 1 sec. 26. Ве 735 22 81 46.7 
NW. 1 sec. 26. _ 1 920 25 84 49.2 
Ба wore LEID eens saree een. 740 3 83 41.8 

T. 14 S., R. 32 E.: 
NOW et SCRE ы TIC so cee Corea do 890 20 75 40.1 
SW, 1 sec. 19... % 441 800 80 80.0 
SW. 1 sec. 19... 207 254 73 26.9 
SW.1 soc. 29... x 350 34 70 74.5 
NWI T 506. 9174 ОРАМ E ELS ELLE 430 20 78 33.8 

T.158., R. 32 E.: 
N Wa 860LD...9 22922 3: 089 2008, лы 4 O03 А-х КЕЎ? А 76 56.3 

ARKANSAS. 
TEMPERATURES. 


Very few temperature determinations from Arkansas are available 
The following are taken mostly from a report by Veatch:! 


Temperatures in wells in Arkansas. 


4 Depth 
^ Mean 
Flow ý per degree 
Wel. Depth (gallons Tempera annua, of increase Remarks 
(feet). „per (° Е.) perature in tem- 4 
minute). adi CF ) perature 
44 (feet). 
Allbtoake-fseet-seteaes- Lud ner 65 (Alpes | Water pumped 1 foot. 
Arkansas City .... 552 66 72 56% 70 Pumped 550 feet. 
Fordyce...... 502 59 79% e 63 48+ | Water from 460 to 502 feet. 
Gurdon. 760 Flow. 70 d 62.5 30 Water from 200 to 225 feet. 
Hot Sprin tune Ee NET 65 102, E a eA Pumped. 
Monticello........--...: RES 110 79 f 63.2 35+ | Water pumped 555 feet. 
604? 
Ping. Blufi cen wee 555 890 650 64 ӨЗЕКТЕ | Pumped. 
Бтр Барли: 41 600 66 h 64 2074- лай from 233 to 345 
eet. 
MOXATKANA Sanepa prre ele 935 duse sacr 67 1064.4 360 | 
Walmer 5552525: ығымен 194. 1e ido ӘС 65.3 7 63.2 88- | р ра from 184 to 
| 194 feet. 
РИА БА ae 455 380 71.8 63.2 464+ | Water pumped from 400 to 
455 feet. 
White Cliff Chalk Co.... A0 deos - eiie 64 lecce 987-22 
БОС ean ер а 540 |...... ЕСЕ ЕЛИНЕ А и ааа 
| 
z | 


a Centerpoint average for 16 years. 

b Greenville, Miss., average minus 0.1?. 

с Camden average for 30 years minus 0.32, 
4 Amity average for 24 years. 

* Average for 24 years. 

f Warren average for 34 years. 

g Average for 32 years. 

^ Camden average plus 0.7°. 

i Average for 21 years. 


! Veatch, A. C., Geology and underground-water resources of northern Louisiana and southern Arkansas: 
U. S. Geol. Survey Prof. Paper 46, pp. 153-177, 1906. 
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SUMMARY. 


The data for Allbrook, Hot Springs, Pine Bluff, Stamps, and 
Texarkana apparently are not valid, probably because the true 
source of the flow is not given. The temperatures in other wells 
appear to be consistent. These wells are in the southern quarter 
of the State and reach water-bearing strata in the great Tertiary 
sedimentary series of the Mississippi embayment. 


GEOLOGIC RELATIONS. 


The Gurdon well draws from the Nacatoch sand in the Upper 
Cretaceous; the Arkansas City well, the shallow well at Wilmar, and 
the Fordyce well, all with high rates of increase in temperature, 
draw from Eocene beds at the horizon of the Yegua (‘‘Cockfield’’) 
formation, about 1,500 feet higher; the Monticello well and the 
455-foot well at Wilmar, both with high rates of increase, draw from 
coarser deposits of Eocene age not far below the Yegua horizon. 


CALIFORNIA. 
SOUTHERN CALIFORNIA. 


W. С. Mendenhall, in studying the hydrology of southern Cali- 
fornia, determined the temperature of water flowing from many 
artesian and other wells and from several hot springs. The following 
list sets forth the principal data obtained in San Bernardino Valley: 


Temperatures in wells in San Bernardino Valley, Calif. 


Depth 
Mean á е 
Tempera-| annual |67 degree 
Well. Depth ture | air tem- |olincrease 
(feet). op in tem- 
ws ретин perature 
C FJ. |^ Geet). 
Reversidie;, Waterman Avenuel-:9... . ET DIL e cemere mere 984 75 a 63 82 
Mound City: 
3 mile northwest оЁ..................-..- зг aoe te 784 74 а 63 ТІ 
4% milo west 042%.,....--------- К! "ins 656 75 a 63 55 
d nile; тез Of Maras dee tua nee M S I a eie END ERG 125 68 a 63 25 
A Tur noNirwestot2 S yof voa Eat е а ы ЕБВ: 582 74 a 63 53 
4 mile west of ..... 534 74 a 63 49 
1 mile northeast of 517 73 a 63 52 
506 70 a 63 72 
472 70 a63 67 
4 mile northwest of E 482 74 a 63 44 
4 mile northwest of........... ws -- 320 73 a 63 32 
а оо E сс T A E G 83 68 b 62.7 16 
оез north or 2508 ЛИ лала н a шш 196 70 b 62.7 27 
зн е epe Т. ҖӘ, TERRAS ота 190 70 562,7 26 
(aA ER сун т, cont EET E ES RETO ES Oo 142 70 b 62.7 19 
Memiles north оға ee uv teenies cia a ey 148 68.5 562,7 25 
О Е аа 141 67 b 62.7 33 
һуа ааа к e dui era Sita o adesse mut Do pmo sts A 181 68 b 62.7 34 
ee miles north OF Hae ee ae ta ova seo see а ERE. 472 70 b 62.7 65 
ыт рф аз nem me E ЖАЗЫП ОЗ ы ae 740 78 c 62. 5 48 


а Mean annual temperature for Riverside for 35 years. 
b San Bernardino average for 25 years plus 0,22, 
с San Bernardino average for 25 years. 


"Hydrology of San Bernardino Valley, Calif.: U. S. Geol. Survey Water-Supply Paper 142, 124 pp., 
1905, 4 
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Temperatures in wells in San Bernardino Valley, Calif.—Continued. 


t 
| Depth 
| Меап 
| à per degree 
Well. Depth А 4mm ofincrease 
(feet). (C Е.). | perature in tem- 
CT.) perature 
[zi (feet). 
San Bernardino: 
Payne well, 2 miles southeast 01............................ 642 112 462,5 13 
City well on Antell tract, 2 miles east of . 614 69 a 62. 5 94 
1 mile east of.........- 544 68 а 62. 5 99 
2 miles east of 682 68 a 62. 5 129 
3 miles northeas 460 72 а 62.5 48 
2 miles south of . 225 71 а62,5 27 
WATSON cota ары Уа eee. tet eX 121 98 а 62. 5 8 
ром os ig poe aah arp = 15222222 ee TU Se TEES iem 158 85 a 62.5 p 
Smiles north by ваз С oi. МИМ. woos 5. 169 76 а 62. 5 13 
Harlem Springs: 
1mile south cf Eu 451 90 a 62. 5 17 
1milo west cf......... 3 231 72 а 62. 5 2 
14 miles wost cf... ..-- 185 80 a 62, 5 11 
1 mile west by south of 150 68 а 62. 5 27 
1 mile north of........ d 300 115 262.5 6 
4 mile northwest С1.:.:....................................4 68 86 a 62.5 8 
Colton: 
152. miles east ofis: rodne аса Толе opio je s d iles eiua 92 73 63 9 
D 81 73 63 8 
68 71 63 8 


cSan Bernardino average for 25 years. 


The distribution, depths, and geothermal gradients of most of 
these wells are shown in figure 2. 

The data in the table present variations that are difficult to 
understand. Some of them are not reliable, because flows from 
higher horizons may have ingress to the well, and in a few wells 
the outflow is small, but these two conditions cause diminished 
temperatures. The materials penetrated by the borings are a thick 
series of Quaternary sand, gravel, and clay lying horizontal and 
constituting a wide desert plain. The conditions are favorable for 
rapid circulation of water, so that the mean annual air temperature 
62.5° should be expected to extend some distance below the surface. 
On the edge of the basin and at Harlem Springs there are thermal 
springs, and in a local crumple of the beds passing through Bunker 
Hill warm waters come very near the surface. The areas of high 
temperature are probably due to seepage of warm spring waters 
along or near recent faults. Admixture with the shallow underflow 
causes the great diversity of temperatures shown. 

'The 642-foot boring 2 miles southeast of San Bernardino, whose 
water has a temperature of 112?, appears to have tapped a particu- 
larly warm spot, although shallower borings a short distance south- 
west show nearly the same rate of temperature increase. The water 
of the Urbita Springs has a temperature of 102? to 105°. Several 
wells near the Bunker Hill anticlinal ridge show temperatures of 
85° to 105°, and the shallow wells of the Riverside Water Co. along 
the north bank of Santa Ana River show temperatures of 71? to 73°. 
Deeper wells, 320 to 656 feet deep, near Loma Linda show temperatures 
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of 70° to 75°, but the rate of increase is not so high in these wells as in 
the other wells just mentioned. 


Ке 
y 
м 
о 
9 
2 


о П 2 3 Miles 
. o ххх 
Flowing well Pumped well Bunker Hill uplift 


Figure 2.—Map of part of the San Bernardino Valley, Calif., showing location of wells and indicating 
geothermal gradient. Depths of wells are represented by gothic figures, and italie figures show the 
depth in feet per degree of increase in temperature. Data from Mendenhall’s report. 


| Mendenhall 1 has recorded the temperatures in many wells in the 
| Anaheim and Santa Ana districts of the eastern coastal-plain region 
| of southern California, and, although most of them are too shallow 
| to indicate the geothermal gradient, they present some interesting 
| features. Most of the wells are from 80 to 200 feet deep, and the 
waters show unaccountable variations in temperature, mostly from 
61° to 65? and a few to 70°. Of the few deeper wells covered by the 


1 Mendenhall, W. C., Development of the underground waters in the eastern coastal-plain region of 
southern California: Т), 8. Geol. Survey Water-Supply Paper 137, 1905. 
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records one flowing well 397 feet deep in the San Joaquin district 
showed a temperature of 79°, which indicates a rate of increase of 
about 1° in 23 feet. Another well near by, 165 feet deep, with a 
temperature of 81°, indicates a still higher rate. The temperature 
of water from a 386-foot well was 67°, a 390-foot well 70°, a 264-foot 
well 71°, a 360-foot well 71°, а 336-foot well 71°, a 400-foot well 68°, 


two 450-foot wells 66°, and a 118-foot well 71°. 
showing the higher temperatures are in groups or districts, 


others appear to be irregularly distributed. 
Temperatures in the Cucamonga and Pasadena region a have been 


recorded by Mendenhall, as follows: 


Temperatures in wells in Cucamonga and Pasadena quadrangles, Calif. 


Some of the wells 


but 


Location. 


Depth 
(feet). 


Flow 
(gallons 


Tem- 
perature 
(°F.) 


Mean 
annual 
air tem- 
perature 

oF, 


Depth 
per 
degree of | 
increase 
in tem- 
perature 


(feet). 


Cucamonga quadrangle: а 
С RIGRINON ES E БЕЛКИ ЭЙИ ТСЕ urets ra dia d 541 


Pasadena ЖАШЫП 
Los ngos SUR 


LE 276-280 
Sec. 9, T. 2 S., 0 
dere és OE EUS 


San Francisquito.... E 130 


a Mendenhall, W. C., Ground waters and irrigation enterprises in the foothill belt, southern California; 
U.S. Geol. Survey Water-Supply Paper 219. pp. 140-174, 1908. 

os Azusa average for 15 years. 

с Average for 40 years. 

d Pasadena average for 27 years- 


In this region other wells from 113 to 300 feet deep show tem- 
peratures of 62°; wells 68 and 172 feet deep, 63°; 280 feet, 64°; 
/250 feet, 65°; 60 and 160 feet, 66°; 147, 160, and 300 feet, 67°; 139, 
160, 180, 250, and 255 feet, 68°; and 140 and 220 feet, 69°. These 
figures indicate great irregularity in the rate of increase at slight 
depths. 


SAN LUIS OBISPO. 


GEOTHERMAL DATA OF THE UNITED STATES. 


A flow of sulphur water from a 928-foot well at San Luis Obispo 


has a temperature of 103°. 


As the mean annual air temperature at 


this place is 57.2°, this indicates a rate of increase of 1° in 20 feet. 


SAN JOAQUIN VALLEY. 


Mendenhall and Dole‘ have given records of many observations 
of temperatures of wells in San Joaquin Valley. Most of the wells 
are shallow, but others are deep and flowing, so that their tempera- 
These wells are all 
in the filling of loam, clay, sand, and gravel, occupying a broad 
These deposits are 


tures throw much light on the rate of increase. 


valley between mountain ranges of older rocks. 


known to be more than 2,000 feet thick in places. 


that none of the wells here recorded have reached their base. 


It is believed 


The 


data which appear to be most useful are given in the following list: 


Temperatures in wells in San Joaquin Valley, Calif. 


Location. ` (feet) 


Fresno County: 
Sec. 22, T. 13 S., R.14 E 
j. 81, T. 13 S., R. 15 E.. 


Sec 

Kern Co 
Sec. 
Sec. 


Sec. : 


Sec. 
Sec. 
Sec. 
Sec. 
Sec. 
Sec. 
Sec. 
Sec. 
Sec. 
Sec. 
Sec. 
Sec. 
See. 
See. 


me, F 
510%? ә В.16Е 800 
12, T. 15 S., R. 16 E 800 
25, T. 15 S., R. 10 E 82 
19, T .,R.16E 700 
11, T.15 S., R. 15 E 733 
‚25, T. 15 85., R. 17 E 150 
14, T. 16 S., R. 17 E 690 
2, T.1 R.18 E. 1,200 
17, T.17 S., R. 19 E 700 
21, T. 17 S., R. 19 E 1,500 
28, T. 17 S., R. 19 E 1, 200 
1, TCITS., R. 20 E.. 700 
36, T. 18 S., К.16 E 1,178 
‚5, T. 19 S., R. 20 E.. 500 
.28, T. 18 S., R. 20E 700 
unty: 

20, Т. Cg co opu а жете iM eed 

26,'0.25 S., R. 24 Е 99. 
34, T. 25 S., R. 24 64 
3, T. 26 S., Б. 500 |. 
11, T. 26 S., R. 24 1,000 |. 
31, T. 25 6., R. 7 700 
17, T. 26 S., R. 24 E. 5 
19, T. 26 S., R. 24 E. 480 
JiIT*26.8.9 1:523 E011001 uel UL Posse. 369 
23241498 GU EUS23 ЕСЕ ЕНЕ ИЛЕ 284 
247172682 Б,92Ь cee erts DUREE E 320 
6, T. 27 S., R. 23 E.. 800 
10, T. 27 S., R. 23 E 423 
8, T. 27 R:25 EXON EE o 700 
5, T. 28 РЕ Popian WART a ten 3 +600 
24, T. 28 5., R. 23 E 390 
25, T. 28 S., R. 23 E 450 


а Fresno average for 30 years. 


5 Wasco mean annual average for 17 years. 


Flow 
Depth | (gallons 
per 
minute). 


Temper- 
ature 
CEN 


Mean 
annua 


1 


air tem- 
perature 


F.). 


Depth 
per 
degree of 
increase 
in tem- 
perature 
(feet). 


1 Mendenhall, W. C., Dole, R. В., and Stabler, Herman, Ground water іп San Joaquin Valley, Calif.: 


U.S. Geol. Survey Water-Supply Paper 398, рр. 185-298, 1916. 
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Temperatures in wells in San Joaquin Valley, Calif.—Continued. 


Depth 
а Mean per 

Depth C Temper-| annual | degree of 

Location. ер t) EPOD | ature | air tem- | increaso 

(feet). TD. te) (°Е.). | perature | in tem- 

UMEN (*F.) | perature 

(feet). 
Kern County— Continued. 
Boos 18, T. 20 Б405529-Е.-2 а 4 0600 ТАЕ 5. 67 62.2 125 
Sec. 30, т.296. .R. А. teste DotA MS 22 800: | Жер 72. 67 62,2 167 
Sec. 5, T.29 S., R. 29 T 1,300 22 87 265.1 59 
Sec. 5; т.295. ;R. 29 E 400 340 92 65.1 15 
Sec. 4, 'T. 30 8., R. 27 Е.. 450 550 68 65.1 155 
Sec. 26, T. 30 S., 8:26 E...-..4::..:. eee 2 950 22 72 65.1 1374 
Sec. 34, 77,806. 945226 Еа тора 23 +500 34 69 65.1 128 
Sec. 12) T 31 8.48426 Шм oot ae J 560 45 70 65. 1 114 
Sec. 12, 531 9.151220 Ке ты $ 500 250 74 65.1 56 
Sec. 7 IT Bi Bo, Rees Е.А. ы ME 24 400 45 67 utr M So рі: 222 
бес. 3), T.31 $., Ң427 Ed t MEE E 0650 Шы. 76 65.1 59% 
Sec. 19, T.3158., "2297 E... 32252000] eee s 1,395 22 72 65.1 202 
Sec. 32, "T. 21 8., БҮРЕ ТТЫ ҚЫН ox 415 200 78 65.1 33 
Sec. 6, т.32 8., RE EXFL eee 24 416 200 79 65.1 30 
Sec. 2, T. 21 8., RESTE Gp БОЕ 35 345 180 78 65.1 26% 
бес. 30, т 31 Ея К. i E . 645 260 74 65.1 72h 
Sec. 30, TS 645 200 78 65.1 50 
бес. 4, "T. 32 8.) 582 45 14 65.1 65% 
Sec. 9, Т.з26., 507 22 14 65.1 57 
Sec. 8, T. 32 S., 37 33 74 55.1 42% 
бес. 16, Т. 32 S., 648 80 74 65.1 725 
Sec. 21; T. 32 S., 896 33 75 65.1 90} 
Kings County: 

Sec. 21, T. 19 S. 400 Yew 77 562,2 27 
Sec. 36, "T. 208. 700 870 73 62.2 65 
Sec. 36, T. 20 S. 400 11 73 62.2 37 
Sec. 1, Т.218., 1,100 380 76 62. 2 80 
Sec. 1, T. 21 8., 1,600 400 78 62,2 101 
Sec. 10, T. 20 S. 820 335 77 62,2 55 
Sec. 6, T. 21 S., 450 КЕЕ: 74 62,2 38 
Sec. 21, T. 21 S. 1,225 245 74 62,2 104 
Sec. 21, T. 218. 1,200 370 74 62.2 102 
Sec. 21, T. 218. 1,247 480 72 62,2 127 
Sec. 21, T. 21S. 3:106 тыс ТЕЗ 72 62.2 113 
Sec. 14, T. 21 S. 928 335 | 71 62,2 105 
Sec. 15, T. 22 8. 950 210 72 62.2 97 
Sec. 24, T. 22 S. 1,200 145 78 62.2 76 
Sec. 25, Т, 22 S. 1,540 680 85 62,2 67 
Sec. 25, T. 22 S. 308 Few 71 62.2 34 

Merced County: 
Sec. 27, T. 6S., 300 45 72) c03.2 35 
Sec. 26, T. 6 8., 300 35 ‚72 63.2 35 
Sec. 22,T.75., 250 100 72 63, 2 28) 
Sec. 21, T. 7 S., 338 80 13 63.1 341 
Sec. 33, T. 7 S., 328 100 73 63.2 335 
Sec. 11, T. 7 S. 250 22 74 63.2 23 
Bec. 7, T. 7 S., 330 70 74 63. 2 305 
Sec. 9, T. 8 8., $80 032707609014 77 53.2 | 42% 
Sec. 9, T. 9 S., 430 Few. 77 63.2 3 
Sec. 13, 7. 9 S., 402 (aste: 78 63. 2 27 
Sec. 36, T. 9 S., 750 225 79 63. 2 47h 
Sec. 21, T. 11 S. 550 Few. 76 63.2 43 
Sec. 3, T. 8 S., 685 35 76 03. 2 59% 
Sec. 16, T. 8 S., 707 80 15 63. 2 60 
Sec. 26, T. 8 B., 760 217 74 63.2 60% 
Бес. 27,Т.86., 325 и 74 63.2 30 
Sec. 4, T. 96. 698 13 73 63.2 71 
Sec. 21, T. 9 S. 400 50 74 63.2 31 
San Joaquin Coun 
Stockton Gas 4 1,800 60 97 d60.1 49 
D; 1,498 170 89 60.1 52 
2,500 1222720 101 60.1 61 
1,990 1 құ а 91 60-1 64 
1,750 115 88 60, 1 63 
2,078 1,450 % 60.1 58 
Do 1,786 1,450 94 60. 1 53 
Stockton Crown Mills. 1, 210 125 90 60. 1 41 
Stockton old well... .. €1,080 Many. 75 60. 1 72 
Stockton county well. 15000 19e ES 77 60.1 60 
Stockton Glass Co...... 2,100 168 88 60. 1 75 
Stockton Jackson Wells. 1,850 560 85 60. 1 68 
Do E 1, 700 v 85 00. 1 74 


! a Bakersfield average for 28 years; wells 27 to 100 feet, 68° to 71° mostly. 
о Hanford average for 17 years. 
c Merced average for 43 years. 
d Stockton average for 46 years. 
e Well cased to bottom; flows also at 980 and 1,030 feet, which may mingle. 


Temperatures in wells in San Joaquin Valley, Calif.—Continued. 


GEOTHERMAL DATA OF THE UNITED STATES. 


M Depth 
" ean er 
атыс Temper- | annual arse of 
Location. g Ы Еа Ae air tem- | increase 
4 °F.). | perature | in tem- 
minute). (°Е.). | perature 
(feet). 
San Joaquin County—Continued. 
Campo de los Етапсевев.....:.................... Few. 79 60.1 55 
bo War ik ҚЫТ Ж 88112122245 22 84 60.1 47 
Sec. 10, T. 2 N., R. 6E 100 84 60.1 46 
Sen 22 el О МЫ сы al 400" | a 84 60. 1 59 
See: 8; TEL 8.) ВІ ГЕЛ 222.22.225... | 1,250 [21140 77 60. 1 74 
Sec: 259 TV Б, Кеб. Ree opt 4 90 74 60.1 86 
Tulare County: ! 
Sec. 30, T.188., Б, 24 E......... BUY (UR aue M есейе 1 78 461.6 48 
Sec. 29, Т. 19 S., R. 24 E... 90 75 61.6 81 
Sec. 31, T. 19 S., R. 24 E. 60 76 61.6 30 
Sec. 7, T.20 8., Б. 24 E.. | diit 74 563.2 43% 
Seon 16,/F420 В.Е 24 ЕЛІ coe ЛАСТЫ ТҮН 3 74 63.2 43 
Sec. 10, T. 208., R. 23 E. | 70 74 63.2 464 
Sec. 11, T. 20 S., R. 23 E. 230 75 63.2 974 
Sec. 5, T. 20 S., В. 24 E.. 270 18 63.2 44 
Sec. 32, Т. 20 S., R. 24 E. LL 72 61.3 114 
Sec. 30, Т. 20 S., R. 24 E. 45 75 63. 2 42 
Sec. 25, T. 208., R. 23 E. 45 74 63.2 60 
Sec. 25, T. 20 S., R. 23 E. 270 76 63.2 61 
Sec. 35, T. 208., R. 23 E. 540 74 63.2 55% 
Sec. 22, T. 20 S., R. 23 E 56 73 63.2 43 
Sec. 28, T. 20 8., R. 23 E. 80 74 63.2 48 
Sec. 32, Т. 208., R. 24 E. 56 14 63.2 49 
Sec. 32, T. 208., R. 23 E. 325 75 63.2 68 
Sec. 32, T. 20 S., R. 23 E. 210 76 63.2 68 
Sec. 8, T. 21 8., R. 23 E.. 450 78 c 64.8 72 
Sec. 3, Т. 21 S., К. 23 E... 475 75 64.8 88 
Sec. 3, T. 21 8., R. 23 E.. 270 14 64.8 81% 
Sec. 10, T. 218., R. 23 E. 225 74 64.8 87 
Sec. 10, Т. 21 S., R. 23 E. 425 75 64.8 72 
Sec. 26, T. 21 S., R. 24 E. 22 72 64.8 83 
Sec. 4, T. 22 S., R. 24 E.. 134 72 64.8 83 
Sec. 23, T. 21 S., R. 24 E 56 70 64.8 96 
Sec. 28, Т. 21 S., R. 24 E. 80 72 64.8 55% 
Sec. 29, T. 21 S., R. 24 Е E 100 72 64.8 70 
Sec. 31, Т. 21 S., R. 24 Е 3 56 ih 64.8 101% 
Sec. 17, Т. 228. R. 23 E. E 340 76 64.8 73 
Sec. 17, T. 22 S., R. 23 E ; 875 78 64.8 60% 
бес. 21, Т. 22 S., К. 23 E 3 560 78 64.8 604 
Sec. 30, T. 228., R. 23 E. 3 850 81 64.8 615 
Sec. 30, Т. 22 S., R. 23 Е 5 840 71 64.8 982 
Sec. 29, Т; 22 S., R. 23 E Ен тоос изе of 68 64.8 218] 
Sec. 29, T. 22 S., R. 23 E E Few. 76 64.8 74 
Sec. 8, T. 22 S., R. 24 E.. t 180 70 64.8 116} 
Sec. 20, Т. 22 S., R. 24 E E 270 70 64.8 116} 
Sec. 10, T, 22 S., R. 24 E EA AETI 69 64.8 104 
Sec. 10, T. 22 S., R. 24 E E 150 69 64.8 114 
Sec. 22, T. 22 S., R. 24E р 180 70 64.8 115 
Sec. 22, T. 22 S., R. 24 E E 56 71 64.8 226 
Bec. 22, Т, 228., Б,24Е қ 35 69 64.8 107 
Bec. 24, Т. 228., R. 24 E E 200 70 64.8 96 
Sec. 23, Т. 22 S., R. 24 E Е 400 70 64.8 211 
Sec. 13, T. 22 S., R. 24 E Ё 35 72 64.8 145 
Sec. 3, Т. 23 S., R. 25 E. г кекете 680" 796 76 64.8 61 
Sec. 7, T. 23 S., R. 25 E.. 1 90 78 64.8 38 
Sec. 7, T. 23 S., К. 25 E. Ы 35 77 64,8 65 
Бес. 8, T. 23 S., В. 25 E. Е 450 79 64.8 98 
Бес. 18, Т. 23 S., R. 25 E. s 35 76 64.8 45 
Sec. 11, Т. 23 8., R. 24 E. eee tA heat ae 3 80 64.8 75 
Sec. 11, Т. 23 S., R. 24 E.. 2 он ЗАЗА 70 64.8 157 
Sec. 11, Т. 23 S., R. 24 E. --{ 1,000 -......... 78 64.8 7 
Sec. 35, T. 22 S., В.24Е......................... 125 70 64.8 173 
Sec. 34, Т. 22 S., Б.24Е......................... 205 75 64.8 57 
Беса 928 ТК А ЕСЕ саты 360 74 64.8 65 
Beo. 0, Т;:288УБЕ22ҒЕЛО 224.26... 850 18 64.8 76 
Бес 16212225 АҚЫСЫ dose wes oir nM aa 2,300 80 64.8 72 
Вес: 87:;9238,К ЕД 434052 «b dua Uem e de 465 78 64.8 834 
8e0:8, T£23 Sip E203 КЛЕТ ЕЕ 215 78 64.8 775 
Sec. 33, 7,23 B.; Б/2ЕЛ22Ы 22522. 245 75 64.8 127: 


a Visalia average for 30 years. 
ò Mean of Visalia and Porterville. 


c Porterville average for 28 years. 
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The water in many shallow wells in San Joaquin Valley has tem- 
peratures ranging from 65° to 72°, or considerably higher than the 
mean air temperature. 


INDIO BASIN. 
Mendenhall has given the temperatures of flow from many oi the 
artesian wells in the Indio Basin. They all draw from gravel and sand 


in the deep Quaternary valley fill, the bottom of which has not been 
reached by any of the borings. 


Temperatures in wells in Indio Basin, Calif. 


Flow (gal-| Tempera- 
Location, Терін lens per ture 
* | minute). | (° Е.) 

860593; TIBS RS Л, одеал асас otv. reatus 74 
Bec, 20, T1 Gt; В/8Е 2222225 а5о3252 а ырғала а АСКЫ ОКИ ОЯ 74 
Бес:98/Т26Б.Б.8Ш Ақ Rl -ossereeedasesSevcerzevdeéecec sse deidan 74 
DOOF T7685, В. 8 Ш 5а ооло гама араас дете Dea quar 76 
Bec: 23, T: 6 Sy Ri 8 ELE 22225-22 eue cnet races sce deed СЫ 74 
Bec; 25, T OB. В. ВТЕ. 3тен таа сс саата Pc ore Cy Od 74 
Hen; 26, 7466.4 RYS EU  Dcecuaeosesasadesczancescezsocdereccckes za dite 74 
Beo: 26, Ti 6 B, R8 Ee Мул лала ra oei AAA UU 14 
Бао 26, TIOS, R78 ERES А и E Жетер а eet 14 
Bee, 28, Те6б-Бу 8:8 Бае орага ела eue deua Odd Ud d ue СЕО 74 
Bee. 22, Ti6'S.; В; 8 озан еда ле акаа Ана а оно 14 
Бео;92, T6 8,5 Ri 8 Ж Сы ы лт ыса ора 74 
ЭОП Т8 п.о НИ атаса отта Be I “76 
B00718; T1794 It 0 Ж bs зд Расы тет ТАГЫ ЫЫ 76 
S80. 8. T- T SA R. 0 E. соло ила an лтан Г АКЕНЕ НУ 77 
BoorB, T; 4 БҰР; ӨБ осо Реген осына ае era a wr wr 77 
Бе0212; Tid Sj БоОТЖЫМЫЛ аЛ алова аллаа 74 
E0523, TES БТ EL et Ел СОЛ са Аы улде ЕЛ e Lo КЕЛЕСІ 73 
Бес ЗЕ TA BIOS RIT БАЙМЫН сй жыр ча НДЫ с. СТР I 78 
800218, TID B БЕ; 7 ЖА Дыр оао Баала сочи ете | 78 
800723, Т“5В;В7ЕЗ 452 e desse Үштаған омы ev 74 
Вей;84; TEE By Ri 8 Eee. dae. асо «SU uus o endo UV сеч е d amy vu id du 73 
Boo, 84, T: 6 B,, В. 8 Elo cede pone 222202 dte duda d dw Од 73 
860716, T 17 B,; R..8 BUGS оонада is chanteuse дикар дА ны 81 
Bc CIS TTE О Кеа d SESS RRS аар 74 
Вес212,Т/48,Б.ВЕЛ БЫ Т Ме онсе ЫЬ 76 
860,12, TIT 8;, В. 8 БА ӘЛ СМО EELE Pe гос влах b a ey PE 74 
АТАНЫ ШО ТТ за momen ДО ааа даласы сты ETUR 74 
ХАН Sd RES DNI EE I а M RI RENTEN IO. 72 
Бес 20 PaG pls ke. n ДА КС ааа ЫШ ec SL 18 
Бо0%20, T0 E Б 8 Ui Ее сыс en a a soe стар ы не M MB D 18 
9062.20, 705.6 85 Re S. ELT Adie ААЛЫ ЫТЫ АРЫСЫ ы Ааа а 74 
Seer 90, T«6 S., RG ЕЕ өсип. ОАЕ МӘ р 74 
Bec, 00, T, 6 8., Ri 8 E LET ҚАЕУ өс М nth Babee RS nc MAS E 74. 
Seee805-T <6 St, 58 ЕЕ Ж ЕЕЕ COVERS Sse OSS ee 32308. 25 74 
Вас:80, 16 54 ВБ КЫ Тт БООДО т4 
Без BON Ti 6 Ву R38 Er. 423. 5665 ла ОРЕЛ О БЕР 74 
Bec? 00, T. 0 S, Ras БЕ ае СӨ ree 74 
Sect 242156 635.7 КАИ 0850 230 ВОК Hie we ua e 74 
Bocc MT: 68. Ra 7 Ж... дел БАС oot earners Mane E baia es We EMIT ent 72 
BS8€/20;17 ВЮ ЕЯ ИНТРО ВЕНЕТА 76 
590205197 6.5 ROD ее СА 76 
Бес 20717555 В29 ВЕЧЕРОМ ЫЕ ОГВ ON РЫП ТЕ! 75 
Ben. 8, T: R. КЎ ЖО Еа с оос e came est 76 
Весь 8, Tr? Б.Б 9 НОНЕ ЫЬ 009 c $0, ЗІН а See eee. 77 
Бес 12, T. 7 Sa BR. § ЕРЕ аР ТРОО РА 74 
Bo012, 27 B5 Ro 8 Еу. УО ОГИН ЛЕНИЕ ase eae et 74 
68052,2 35 Ivo Obes Ss Rr ea Ree mura ТРЕЕ СС НЕ 74 
Беор TI БЫН & Едалу е ashok wo at <a ene ee ТН. АП 74 
Беба T. 7 B., 30. 8 Esc ck ca и НДЕ ayers каны г сыгу ыс 2а 74 
BOR Dy Ws 7.8.5 БӨЕК doi Г = da bE Reis ОЛЕ Sale cette Ss 35 IER. - 74 
Bog, 05, 1.6 Ву 35.8 OSS EE ON CEE ees Ry VE S 74 
60,65, T, 0-8,5 R38 оло ирро. eee ағы; 74 
BOG Soy d OR CER нан она лр е i ANDER о rcl 74 
Ве0585Л5682 Rj8 34. аа лыу алы Жы Өн 74 
Bed.dos 14.6 S3 08 Bis as eeu eL DEAS ғысы due. Eee Сал ҚАЛЫН 75 
Берет TEN B18 Bite 209.8725 тарын лы ЇН 90 
р еб ры Ca og tbe ЕЛЕС алы Кусс ae aad М себе 73 


1 Mendenhall, W. C., Ground waters of the Indio region, Calif., with a sketch of the Colorado Desert: 
U. S. Geol. Survey Water-Supply Paper 225, 1909. 
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Temperatures in wells in Indio Basin, Calif —Continued. 


Flow (eal Tempera- 
Location. DM lons per uro 
^ ]minute).| (?F.). 

Bods, Т6 Si) R68 Болшы л o EDI ES 548 45 73 
Boo бу The 84 Ri 8 ЕБЕ паа КЕК к 557 22 73 
8030, D. 68 GR В COM. dae eoe etd mee CLEEENGE Б 586 200 70 
БОСЫП ЕТСЕ СП ТТ т ЛЫ 73 
Боб, 26888 сә ars os de rhon оная 558 scien e с 73 
SOR MUERE E once ci df or Ri ее 540 180 13 
56651756 8., Re 8 БІЛТЕ ta EO OE ал 5193.3. Oei 73 
Sec, D,T.D Ber Ein 5 ЕСІ сае ааа е кис ui e 558 310 73 
8ев; б, Леб Ra ВЕБ yr We ID Ut 547 73 
80058,/120.8.4 Rs S debct Uoc ede i d AERE 545 450 73 
Sec, 8,156 6.4 Iur B Ea УЫ а ал стер 563 а 73 
Бес,5,84%568; ВВ ЫТЫ СҚ CO SUE Goes yon 541 45 73 
86058, TO Si Red Юлы сту а eere e tar viec 510 225 73 
Бестер Wig eee ДА А. de DS БОО RE 79 
Beds 12, TT Oho kee (san ЗЕ Е ИА iir oec sis DUREE 500 130 7 
Бесе Кш ЗЕРДЕ Сы 329 145 74 
esr wu vidt bob rote eU E EI M EE 320 112 74 
Hockey TIO S Rel ЕНІ Ге 385 100 74 
66686, T$ Sanka ЕИО Е асаа 340 100 74 
BOITE ARET E ПЛ. 335 170 74 
Боов Ti 6:84 Ru 8 ОТОС СЕ 397 170 13 
MED TAON Ra ЕРЛЕП ОСЫ 400 235 73 
Sec. 32, T. 6 8., R. 8 E... 540 190 74 
Sec. 32, T. 6 8., R. 8 E... 484 358 74 
Sec. 32, T. 6 8., R. 8 E. 448 257 74 
Sec, 32, T. 6 8., R. 8 E. 438 10 74 
Bec. 4, T. 2 S., R. 8E 474 80 74 
Бес. 4, T. 2 S., R. 8E 440 258 74 
Beos22, 116555 E48 Еа uc Ыса акс Бр 498 90 74 
500122, T 105A Е Jg e e СИ S a sete E 37 157 74 
Hecro0, 126 Say BEST AREE ЛІ ЕНТ АНУ ТЗ 580 280 74 
600426, TUO Bap R18 жеке P 50502222 572 180 74 
560,20, T10 Big Баалоо 510 210 74 
Бебу2бу 716. Ri ТЕМЕН о ТН 500 125 74 
$005.26, T2 8B: R: B Ж as coke E ы USE ange 511 100 74 
ЭЖ МАН ТЕНТЕР ТОК Са ocean SEIS TASA 509 209 74 
Sb085, T6 Si Б. 8 Жж ЕТ Те 500 215 74 
D00422, ТЕСЕВТ E ЖЕТІП с E аа 577 225 74 
Boord T 8 Sit hss ЮЕШ ШЕ DU. os ЫИ СИ 542 130 75 
Peon aT rE ЕН E rE o E eaS AS AEAEE AS 574 130 74 
Bo010, 126 R: Y E SENSE Lr с es cod 526 90 75 
Бото Т268 RAS Daye eee ee aa S 532 112 75 
Весо тев Bp Бу 8 ОЕ ЕА сЕ 517 90 75 
Booted, TY7 Sap ТЕАТР ТОРТА КЕМЕ СЫ 220 390 91 
Беса Түт Өр Rr 8 E poesi oco eSI TIENE 250 390 91 
войта Воно ЕЕ з. КЕЛЕД ERU Mp 300 33 92 
Веско TES Sa е deeper a дус с суо тее 315 390 94 
Ввоз 1488 Ra 8 E ЗІ eT ласа 315 640 99 
Secslo T17 Bap R. S E жө te ies r A AE 4649 marinei т 


The flows from most of these wells have remarkably low tem- 
peratures. Some are only a degree or two warmer than the mean 
annual air temperature of 73.9° (the average for 39 years at Indio), 
and several are colder. One well 400 feet deep in sec. 16, Т. 7 S., 
R. 8 E., has water 8° warmer than that found in closely adjoining 
wells of similar depth. The 780-foot well in sec. 34 has a flow with 
a temperature of 90°, indicating a rate of increase of 1° in 48 feet, and 
two wells near by 220 and 250 feet deep have flows with a tempera- 
ture of 91°, indicating rates of increase of 1° in 13 and 15 feet, re- 
spectively. About З and 4 miles to the south, along a prolongation of 
the same line, are wells yielding large flows with temperatures of 92°, 
94°, and 90°. It is probable that these wells tap a supply from a 
fissure, possibly a fault, along which heated waters are rising from a 
deep-seated source. It is stated that a 500-foot hole was sunk in 
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the bottom of the Salton Basin before the inundation and obtained 
a flow of water with a temperature of 92°. 


OIL REGION. 


In investigating the chemistry of the waters of the oil fields in San 
Joaquin Valley Rogers! determined temperatures of flow from 
several deep wells in Fresno and Kern counties. 


Temperaiures in several deep wells in Fresno and Kern counties, Calif. 


| 
Depth per, 
Mean 
Depth of | Temper- |annual air Feeder 
Location. source of ature | tempera-| in tem- Remarks. 
flow (feet). | (°F.). ture ЖЕТЕ 
(°Е.). | perature 
(feet). 
Гтезпо County: . | 
Sec. 12, T. 21 8., R. 14 E.. 2,077 118 в 61,5 37 | Sul pete 600 feet below 
| oilsand. 
Sec. 2, T. 20 S., R. 14 E.. 1,104 86 61.5 45 
Kern County: "m 
Sec. 9, T. 318., R. 22 E.. 3,860 131 b 65 58; Flow probably from 3,0004- 
feet below main oil sand. 
Sec. 32, T. 12 N., R. 23 E. 2,505 115 65 50 | Flow from below oil sand, 
about 100 feet above second 
oil sand. 
Sec. 35, T. 31 8., К. 22 E..! 1,495-1,727 120 65 274- Eb us feet below lowest 
оп sand. 
Sec. 15, T. 32 S., В. 23 E..| 1,765-1,820 102 65 48 | Flow from about 150 feet 
below oil sand. 
Sec. 25, T. 32 S., R. 23 E.. 1,460 97 65 46 | Flow from about 50 feet 
below oil sand. 
Sec. 31, T. 32 S., Б. 24 E..| 1, 334-1, 609 109 65 304- Do. 
Sec. 20, T. 12 N., R. 24 W.| 2,540-2,560 93 65 91 | Flow from about 125 feet 
below oil sand. 
Sec. 12, T. 11 N., R. 24 W. 3,550 104 65 91 | Flow from about 2,550 feet 
below oil sand. 
Sec. 35, T. 32 S., R. 23 E.. 1,090 84 65 58 | Shale of Monterey group. 
Sec, 28, T. 31 S., R. 23 E.. 3,000 125 65 50 D пеш a few feet below 
oil sand. 


a Hanford average TUA 7? for difference in altitudo. 
b Bakersfield average minus 1°. 
It is reported that in a 5,390-foot hole at Rosemary station the oil 
at 3,000 feet had a temperature of 140° to 160°, 


GRASS VALLEY. 


. Lindgren? made observations of temperatures in the mines of 
gold-bearing quartz in the Grass Valley and Nevada City districts 
in 1894. Thermometers were left in holes with the following re- 
sults: 30 feet below surface, 531?; 1,513 feet below surface, 66°; 
1,513 feet below surface (dry hole in quartz), 674°; 1,553 feet below 
surface, 66°. These observations indicate a rate of increase of 1° 
in 122 feet at 1,553 feet and of 1° in 105 feet at 1,513 feet. 


1 Rogers, G. S., Chemical relations of the oil-field waters in San Joaquin Valley, Calif.: U. S. Geol, 
Survey Bull. 653, 1917. 

2 Lindgren, Waldemar, The gold quertz veins of Nevada City and Grass Valley districts, Calif.: U.S. 
Geol. Survey Seventeenth Ann. Rept., pt. 2, pp. 170-171, 1896. 
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ARKANSAS VALLEY. 


There are flowing wells at short intervals along the valley of Arkan- 
sas River from Canon City to Granada, Colo. 
some of them are as follows: 


The temperatures in 


Temperatures in wells in Arkansas Valley, Colo. 


Location. 


Canon City: 
Oil company, вес. 234.... 
Sanitarium 3 miles north- 
east, sec. 26. 
Florence: 


SW. 1 sec. 26, T. 18 S., 
R. 69 W.c 
Pueblo: 
Grand Hotel...--........ 


Sec. 12, T. 21 S, К. 05 W. 
Ferris Hotel. ............ 


Clarks СРЕЗЕ | 


South of 
Baxter, 45 miles north of. 


Boone, 2} miles north of...... | 


Münzanold Е 005 
Rocky Ford ве 
Rocky Ford, sec. 18...... 
Rocky Ford 


ралы eee ee id ees de i 


La Junta Home Co = 
La Juntà,near...:..2..-....- 


а 5156 Cong., 1st sess., S. Ex. Doc. 222, p. 214. 


1,600 


1,670 | 


800 
1,085 


1,230 


1,219 


1,200 
1,400 


1,402 


1,404 
660 


1,000 


1,113 
767 
790 
793 
820 
845 

1,003 
412 
420 
420 
439 
700 
640 


766 
740 


b Canon City average for 29 years. 
c Fuller, M. L., and Sanford, Samuel, Record of deep-well drilling for 1905: U. 8. Geol. Survey Bull. 298, 


p.193. Water from 1,210 to 1,223 feet; cased to 1,040 feet, 


d Average for 28 years. 


е Rocky Ford average plus 0.50.° 


Flow 
(gallons 
per 
min- 
ute). 


ы- 


Depth 
Mean pen 
Tem- |annual cae: 
rel коен crease Remarks. 
(°Е.). | ture |201 tem- 
(9 Е.). | Peta 
ture 
(feet). 
90 | 552.9 3 Flow probably from 1,150 fect. 
981 52.9 36 | Water from 1,650 feet, test by 
owner. 
86 52.0 35 | Test by N.H. Darton. 
92 52.9 28 | Test January, 1905, by Dick Rule 
with Darton thermometer, 
87 52.9 36 
76 || > 51.5 49% | Pressure 50 pounds. Test by 
N. H. Darton Хоу. 7, 1898. 
804 51.5 43 | Pressure 15 pounds. 

77.2 51.5 544 | Pressure 61 pounds. Test by 
N.H. Darton Nov. 7, 1898. 

79.5 51.5 50 | Flow through 8 feet of rubber 
hose. Test by N. H. Darton 
Nov. 7, 1898. 

82 61.5 39 | Flow at 1,180 feet. 

73.2 51.5 304 | Test by С. A. Fisher February, 
1904. Down 3 hours, water 
stands at 550 feet. Some gas, 

82.5 51.5 32 | Test by C. A. Fisher, February, 
1904; down 3 hours. Dry 
hole. 

80 451.5 39 | Large flow. 

78 51.5 29 Do. 

74 51.5 35 Do. 

78 51.5 80 По. 

15 51.5 35 Do. 

72 51.5 41 Do. 

75 51.5 43 Do. 

68 652 26 Do. 

70 52 23 Do. 

€8 52 26 | Air pumped. 

68 52 273 Do. 

68 52 44 | Water probably from higher 
level, at least in part. 

68 52 40 

68 52 48 Do. 

15 52 32 Do. 
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SAN LUIS VALLEY. 


Siebenthal! has supplied many observations of well temperatures 
in the San Luis Valley. The following data are compiled from his 


report: 
Temperatures in wells in or near Alamosa, Colo. 


Depth 
Flow des 
Depth |, 10 Tem- | 28160 
i 4 Depth oe (gallons рег- |, of 3 
Location. (leet). | flow | Per | ature | crease SHEDS: 
eet). | ше). |С F2-* temper- 
ature. 
(feet). b 
Northeast corner sec. 10. ....- 1,000 932 600 | 74.7 20 ЭОК flow at 500 feet may 
mingle. 
Northwest corner вес. 10......| 865 |........ 400 72 30 | Cased to 852 feet. 
Goodall еП............,.... 883 876 | Мапу. 70 32 | Small flow at 261, 507, and 617 
[се larger ones at 776 and 883 
eet. 
North of Alamosa.. .........- 49532 15222542 Few. быра” Probably a higher flow mingles. 
Milli WERL ahi 680 680 | Many. 69 26 | Cased to bottom. 
Electric-light plant. 800+ 73 404| . Do. 
14 miles south of Alamosa....| 810 72 28 Do. 
1 mile southeast of Alamosa..| 800 72 28 Do 
4 miles north of Alamosa. ..-- 840 72 29 Do 
Near Fountain........- 585 64 28 
аата Е-Е 308 48 62 
Жон сок сары ге 455-225 {ее 49% 50 | Cased to 300 feet. 
Los Sauces, near. $ .|200-300 53-55 | 20-25 
Lockett, near. 3 805 63 40 
Veteran, near 265 54 24 | Cased to bottom. 
рос оя es 2 383 55 28 
т T 156 61 8 
-| 220 583 14 
Swede Corners, 1j miles 189 58 12 
northeast of. 
Swede Corners, 12 milesnorth-| 126 |......-.|..------ 45 83 
east of. 
Moffat, near, 640 8616-Ж езет 61 34 
TO к Lp * 300 300 8 51 37 
San Isabel, near... 524 55% 80 
Огре оао 58 25 
Baca grant. ...----- 2 bi 3 62 25 
MOSCA e S2 Б pases 2 j Ж 5 66 22 
or Be с 69 23 
60 23 | Second flow. 
63 25 | Separate casing. 
62 18 Do. 
71 29 
63 36 
69 28 | Cased to bottom. 
сінше 80 По. 
Hooper, near 39 
Бо жесе 34 | Flow from above 380 feet. 
ee tede 36 | Cased to 360 feet. 
51 | Considerable gas. 
33 | Cased to 125 feet. 
делега 29 | Cased to 224 feet. 
San Luis....... apt] 52239 71 1722-0 S| E s E E 
Del Nortozscg 10259222 аа 41 


a Temperature about Alamosa observed by Prof. Carpenter. 2 5 IR 
b Based on an approximate mean annual of 43* averaged from observations in adjoining regions. 


It is suggested that the high rate about Swedes Corners is prob- 
ably due to the presence of an old lava flow, a part of which crops 
out 1 mile west and 3 miles north from the Corners. 


1 Siebenthal, C. E., Geology and water resources of the San Luis Valley, Colo.: U. 8. Geol. Survey Water- 
Supply Paper 240, pp. 57-98, 1910. 
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The flow from a 405-foot well on Cotton Creek, in Saguache County, 
is reported to have a temperature of 58°, but as the mean annual air 
temperature at that locality is not known the rate of increase can 


not be calculated. 
LEADVILLE. 


It is reported * that a 400-foot well in sec. 25 near Leadville yields 
a flow with a temperature of 58°. As the mean annual air temper- 
ature at Leadville is 35° (average for 18 years) this would indicate 
a rate of increase of about 1° in 17 feet. 


TRINIDAD. 


In June, 1905, W. T. Lee made temperature determinations at 
various depths in a 2,500-foot boring at Trinidad. The hole was 
found to be plugged at 770 feet, and a Darton thermometer left at 
that depth for several hours recorded 69.6°. A test at 370 feet gave 
67.8°. As the mean annual temperature of Trinidad is 51.3? (average 
for 15 years) these readings indicate rates of increase of 1^ in 42 
feet and 22 feet, respectively. "The difference betwecn the two read- 
ings, however, indicates a rate of increase of 1° in 222 feet between 
depths of 370 and 770 feet. 


DENVER BASIN. 


Few data are available as to the temperatures in many wells in 
the vicinity of Denver that formerly flowed. The following figures? 
may possibly be significant: 


Temperatures in wells in and near Denver, Colo. 


; Depth 
Flow Парт 
Flo egreo 
Tem- 
(gallons 2$ 1f vat 
Got), per ard increase Remarks. 
*| min- CF.) f 
ute). 7" | temper- 
ature 
(feet). 
350 % 56 56 
840 3 58 41 | Some flow from, 240 feet perhaps. 
407 30 62 33 
239 | Many. 55 46 
445 50 69 ТТТ? ai 
A10. jo eL 58 5 
563 AR ов 50625 вао во. 
635 10 62 52 | Littleton. 
352 140 5 52 160 | Cased to 248 feet. 
620 325 %65 38 | Principal flows from 250 and 575 feet. 
Both same temperature. 
480 300 b 57 67 | Cased to 350 fect. - 


а Calculated from mean annual temperature of 49.8°, average for 45 years. 
5 Emmons, S. F., Cross, Whitman, and Eldridge, G. H., Geology o! the Denver Basin іп Colorado: 
17. В. Geol. Survey Mon. 27, рр. 456-459, 1896. 
үстелмен ут ын өлен an Ie ЗА egi 25277 Уе ar ee ed E i Le ә тоз са тасу Re re een etum 
. 1 Fifty-first Cong., 156 sess., S. Ех. Doc. 222, p. 329. 
? Jdem, pp. 188-208, 334, 336, 337.) 


COLORADO. 81 


MISCELLANEOUS LOCALITIES. 


Temperatures of wells in Montrose, Akron, and Loveland, Colo. 
} 24 М » 


Depth 
Mean "Н 
al egree 
Temper- annua g 
2423 Depth 4 air of in- r^ da 
Locality. (fcet). CES temper- | crease in Remarks. 
AT ature temper- 
| CE Ji ature 
| (feet). 
ын 5 quip Pup aus ! | 
Montrose | с 829 72 b 47.3 333 | Flow tested by N. H. Darton Nov. 5, 
1898, 
Akron E 670 61 c 49 45 | Thermometer sunk by C. A. Fisher, 
1898; in well 34 hours. 
ovale dices. 7:2. 2,465 58 d 46.7 е 121 | Flow stated to be from 1,365 feet; tested 
| | by ©. A. Fisher, 1898. 


a 30-gallon flow. 
1 b Average for 21 years. 
* € Approximated from Fort Morgan, 48.7? (20-year average). 
4 Fort Collins average for 33 years. 
€ Calculated to 1,305 feet. 


SUMMARY. 


'The rate of increase of temperature in wells in the Arkansas Valley 
varies considerably, but in most of them it is high. From Baxter to 
La Junta-the average is near 1° in 34 feet and variations from the 
average are mostly less than 10 feet. The Pueblo wells show an 
average near 1? in 50 feet, but farther west the rate is higher. In 
San Luis Valley the rate is 1? in 33 to 42 feet so far as the few obser- 
vations show. The Trinidad hole showed too much variation to be 
significant. The rate in the Denver wells was 1° in 33 to 56 feet, 
at Montrose 1? in 334 feet, and at Akron 1° in 45 feet. The observa- 
tion at the Loveland well is open to question as to the source of the 


flow. 
GEOLOGIC RELATIONS. 


Wells in the Arkansas Valley below the Pueblo draw from the 
Dakota and associated sandstones, which dip gently eastward. The 
well in T. 18 S., В. 69 W., also reaches the Dakota sandstone. The 
Florence wells penetrate much higher sandstones in a basin holding 
coal measures, and the Canon City holes are on the west rise of this 
basin. The San Luis Valley wells are in Quaternary valley filling. 
The Trinidad hole was in the Pierre shale at 770 feet. Wells in the 
Denver Basin penetrate the nearly horizontal younger Tertiary 
deposits. At Montrose the Dakota sandstone was probably reached, 
and the Akron hole was in the Pierre shale. The precise relations 
аф the Leadville well are not known, but the region contains limestone 
cut by igneous rocks and greatly mineralized. 
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FLORIDA. 


Although many determinations of . temperature of flows from 
artesian wells in Florida have been published, there are few reliable 
data to indicate the geothermal gradient. This is due largely to lack 
of information as to the depth from which the water is derived and 
as to whether or not higher flows mingle with the main flow. 


ST. AUGUSTINE, 


In the large well at the Ponce. de Leon Hotel, St. Augustine, the 
main flow, from 1,340 to 1,390 feet, has a temperature of 8691 As 
the mean annual temperature of St. Augustine is 69.5? (65-year 
average), this would indicate a rate of increase of 1? in 81.2 feet, 
providing no water enters the casing above 1,340 feet. When the 
well was being bored the temperatures of water from the principal 
large flows brought rapidly to the surface in the sand pump from 
various depths were recorded as follows 


Temperature at different depths in well at Ponce de Leon Howl, St. Augustine, Fla, 


Depth per 


Ded degree of 
Depth (feet). реи increase in 
CF.) tempera- 

7% | ture (feet). 

170 74 38 

410 76 63 

520 79 55 

1,110 80 106 

1,225 85 79 
1,340-1,390 86 81 


The temperature at a depth of 35 feet was reported as 62°, or 74° 
less than the mean annual air temperature. The rate of increase from 
170 to 1,340 feet is 1° in 87} feet. 


1 Am. Jour. Sci., За ser., vol. 34, p. 70, 1887. 
2 Florida Geol. Survey Third Rept., pp. 114-115, 151, 1910. 
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MISCELLANEOUS DATA. 
Data for Florida, some of which may be reliable, are as follows: 


Temperatures in wells in Florida. 


| 
Mean | Depth 
annual | Per de- 
ete т Tem- | air | gree of 
4 epth ow | pera- . lincrease ARI 
Location. (feet). |(gals.).| ture ЛЕ intema Remarks, 
СЕ.) ore рега- 
CE.) ture 
"^ | (feet) 
Brevard County: 
Eau Gallie э 930272 С 78 | а72.6 43 | Large flow; well 325 feet. 
Malabar... -. TE $501 seeds 78 72.6 65 | Large flow; first flow at 280 
feet, probably mingles. 
Melbourne, 1 mile west of. до: 77 72.6 90; Large flow; possibly some 
Írom 318 feet. 
IMiccop.s 5. а нозе: BOOP) <2 105 78 72.6 93 xS flow; may be from 250 
eet. 
"Rockledge..........-....- 9502-25. 80 | b72 44 | Large flow; cased to bottom. 
Titusville 13 A re ot 75 c 11.2 60 | Large flow. 
Clay County: 
Greencove Springs....... 500 [228p tc 80 | 468.3 423 | 300-gallon flow; well 815 feet. 
Magnolia Springs. ИУ beeen 74 68.3 64 | Large flow. 
Orange РатЕ............. 78 68.3 461 ' Do. 
Duval County: 
Mandarin “сыры Жон: 500 IERI. 77 | <68.2 623 | “Flow from 550 feet.” 
Jacksonville Electric Co.. Тоо 81 88,9 56655 Main flow probably from 555 
p feet; another at 975 feet. 
Jacksonville city well.... O84 ЫЕ =? T UND Water probably also from 524, 
750, and 860 feet. 
Mixed flows. 
Do. 
Do. 
Flow from bottom. 
Lee County: 
Fort Myers ТЕЕ sees sure 9612-8665 | 80 f 73.1 72 | Cased to bottom. Large flow. 
Fort Myers 1 mile east of. 10345-25278: 80 73.1 56 | 150-gallon flow. 
Manatee County: 
Braidentown............- 347 | Many. T22!pg VITA ya 5777: Flow from 347 feet. 
Ellentown...........-.-. 400 | Many. 80 | 971.7 48 | Flow mostly from 200 feet. 
368 150 74 971.7 150 | Flow from 348 feet. 
378 | Many. 75 | 471.9 116 | Flow from 360 feet. 
Do 350 250 76 | h 1.9 73 | Flow from 300 feet. 
Marion County: Ocala 1,210 | Many. 74% | %70.2 284 | Pumped 74 feet. 
Nassau County: Fernandina. 700 810 74 | €68.2 121 
Osceola County: Kissimmee. 309 | Many. 75 i 72.3 52 | Water from 140 feet. 
Putnam DEI 
Crescent City............-. 300 | Many. 72 | 169.6 125 | Water from 300 feet. 
Federal Point............ 160-250 |200-600 | 72-75 зоб. Water from 155 to 200 feet. 
250 500 72 169.6 83 | Water from 200 feet. 
225 600 75 169.6 31 Water from 168 feet. 
206 | Many. 76 | 569.9 31 | Water from 190 feet. 
250 | Many. 72 | 669.9 119. | Water from 250 feet. 
280 | Many. 78 |170 35 | Water from 280 feet. 
368 | Many. 78 | m 12.6 66 
Orchid, 1 400 | Many. 78 | m 72.6 74 
Sebastian 460 | Many. 75 | 272.7 200 
рожа да 350 | Many. 75 "72.1 152 
St. John County: 
НазЫпр8.....------------ 155 120 15 o 69.6 29 | Water from 155 feet. 
Switzerland 337 400 72 | 068.9 107 | Water from 330 feet. 
Роҳ А-А 5-5 300 400 72 P 68.9 90 | Water from 280 feet. 
Volusia County: » 
Many wells....----------- 100-163 | Many. | 70-73 G70 SPESE 
Ormond.....- 230 | Many. 70 Vite co есте ЧЕ 
Lake Helen.............. 221 115 78 70 28 
@ Malabar average for 25 years. j Average for 18 years. 
b Orlando average minus 3°. k Federal Point average plus 0.3°. 
с 21 years average. 1 Federal Point average plus 0.4°. 
а Middleburg average. m Fort Pierce average minus 0.3°. 
€ Jacksonville average for 46 years. n Fort Pierce average minus 0.294 
f Average for 48 years. o St. Augustine average plus 0.1°. E 
9 Average for 33 years. р St. Augustine average minus 0.6°. 
h Braidentown average plus 2°. 4 Deland average for 20 years. 


i Average for 25 years. 


137163°—20—Bull. 101——3 
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SUMMARY. 


Apparently the most important data on temperature here pre- 
sented are those from St. Augustine, Fort Myer, Mandarin, and 
Rockledge. Some of the others may be reliable, but there is a possi- 
bility that in many of the wells higher flows mingle with the main flow. 
The source of the flows at Melbourne and Micco is not known, and 
most of the other wells in Brevard County are shallow. The flows 
at Jacksonville are known to be mixed, for although the main flow 
is derived from a depth of 555 feet other flows come in, notably in the 
deeper wells, which tap a flow at a depth of 975 feet, below a body of 
clay. Temperatures of flows in the 984-foot city well, which is 
cased only to 494 feet, are stated ! to be as follows: 524 to 727 feet, 
76° to 774°; 865 to 970 feet, 78° to 79°; flow at mouth, 774°. The 
large flow from the 496-foot well at Fort Myer probably affords a 
true indication of underground temperature, although it shows a 
smaller rate of increase than is indicated by the well a mile east of 

-Fort Myer. 
GEOLOGIO RELATIONS. 


The wells in Florida penetrate sands, clays, and limestones of 
Tertiary age, which lie nearly horizontal and are uniform in char- 
acter over wide areas. Those at St. Augustine, Jacksonville, and 
Mandarin penetrate deeply into Oligocene limestones of the Vicks- 
burg group, which are overlain by clays and sands of later Tertiary 
age. These limestones were also reached by the holes in Brevard 
and Clay counties and at Fort Myer. The variations in geothermal 
gradient have no obvious connection with geologic features. 


GEORGIA. 
TEMPERATURES. 


Local observers have furnished records of the temperature of flows 
from several wells in Georgia which afford a few data as to the geo- 
thermal gradient. Other facts regarding the wells are given by 
McCallie? and by Stephenson and Veatch. ° 


1U. 8. Geol. Survey Bull. 298, р. 196, 1906. 

2 McCallie, S. W., A preliminary report on the artesian-well system of Georgia: Georgia Geol. Survey 
Bull, 7, 214 pp., 1898; A preliminary report on the underground waters of Georgia: Georgia Geol. Survey 
Bull, 15, 370 pp., 1908. 

з Stephenson, L, W., and Veatch, J. O., Underground waters of the Coastal Plain of Georgia: U. 8, Geol. 
Survey Water-Supply Paper 341, 539 pp., 1915. 
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Temperatures in wells in Georgia. 


He munt. 

ean |per de- 

qu Tem- annual| gree of 

x air in- 
Locality. Depth | lons | pera- | tom. | crease Remarks, 
(feet). per ture E А 
min- | (°F,), | pera- jin tem- 
ute) ture pera- 
z (^F.) | ture 
(feet). 
: | > 
Chatham County: Savan- 659 | Many, 72 | 266.6 122 
nah, 12 miles west of. 
Dougherty County: > 
lbany city well........- 750 200 734 | с66.9 103 | Cased to 660 feet, principal 
a flow from 680 feet, 
Albany, well No. 2d...... | 1,820 125 78 | c 66.9 119 | Cased to bottom, 
Evans County: Claxton €, .... 546% 100 75 | 7 65.8 59 | Cased to 459 feet, water begins 
: at 400 fect, Water pump- 
ed to 80 feet. 

Glynn County: Brunswick... 465 600 70 9 67, 155 oy some flow from 300 
feet also, 

McIntosh County: Valona.... 455 120 70 | ^ 66.1 116 | Possibly some flow from 320 
to 365 feet also. 

Pierce County: Offerman е... 675% 250 76 | 167.2 73 | Cased to 635 feet. Water 640 
to 6754 feet. Rises to with- 
in 33 feet of surface. 

PulaskiCounty: Hawkinsville 4907 | Many. 71 | 962.4 57 | Cased to bottom, Flows. 

Ware County: Way Cross, 2 691 | Many. 725 | k67.2 127 | Air-pumped, main supply 670 

wells. to 691 feet, 

Wilcox County: Bowens mill. 673 | Many. 74 | 166.2 86 | Source of water not given. 


а Average for 67 years. 


b Georgia Geol. Survey Bull. 7, pp. 178-181, 1902, 


с Average for 30 years. 
8 Georgia Geol. Survey Bull, 15, pp. 97-99, 1908, 


€ U. 8, Geol, Survey Bull. 298, pp. 201-202, 1900. 


7 Statesboro average for 17 years. 


2 Average of various distant stations, 
^ Savannah average + 0. 5°. 

4 Waycross average for 28 years, 

3 Average for 11 years. 

k Average for 28 years. 

1 Eastman average for 25 years. 


SUMMARY. 


'The data given indicate considerable variation in the geothermal 
gradient in Georgia, but it is difficult to know which are reliable. 
The figures for the Claxton, Hawkinsville, and Offerman wells appear 
to be valid, and the source of flow in the wells at Albany and a well 
12 miles west of Savannah, which show a low rate of increase, may 
be correctly reported. The Waycross water is probably cooled by 
air lift. The Georgia wells can not be grouped geographically by 
their rates of increase or by their depths. 


GEOLOGIC RELATIONS.' 


The wells in the list are all in the Coastal Plain province, in which 
sheets of sand, gravel, and clay of Cretaceous and Tertiary age dip 
gently to the east and southeast. The older beds lie on a basement 
of pre-Cambrian crystalline rocks, which slopes to the southeast and 
is far beneath the surface along the coast and at the Florida State 
line. The Albany deeper wells draw from the Ripley formation, 
high in the Cretaceous. - The water-bearing stratum at Hawkinsville 
and Bowens Mill is sand, probably at the top of the Cretaceous or 
the base of the Eocene. The Offerman," Claxton, and Waycross wells 
draw from beds in the Eocene at a considerably higher horizon, and 


1 For details regarding relations of wells see Stephenson, L, W., and Veatch, J. O., ор, cit, 
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the Savannah, Brunswick, and Valona wells may reach beds still 
higher. From these statements it will be seen that there is no 
apparent relation between the rates of increase in temperature and 
the water horizons. 

IDAHO. 


BOISE. 


The water of the artesian wells at and near Boise is reported to 
have temperatures of 80? to 170°. Ав the depths of these wells are 
less than 500 feet, the higher temperatures, at least, indicate a very 
high geothermal gradient, which is due, doubtless, to local volcanic 


conditions. 
SNAKE RIVER VALLEY. 


Russell! reports temperatures in a number of wells along the 
Oregon Short Line Railroad on the Snake River Plains as observed 
by Scott Turner. They all indicate high temperatures. The most 
notable are as follows: 


Temperature in wells along Oregon Short Line Railroad in southwestern Idaho. 


Depth per 
Mean an- |-7@р' p 
Depth | Temper- | nualair | 1106 of 

Location Depth | orflow | ature |tempera-| increase 
i (feet) p in tem- 


(feet). | (°F.). or 5. perature 


(feet). 


483 430 70 250.3 22 


Ж? 450 ТЕЕ LEE 73 048.6 19 

Owyhee 600 530 70 52 30 

—Nampa. 114 40 614 рр е A 
а Approximated from averages at Boise and Garnet. b Mountain Home average. 


. Russell? has also given data of wells on the south side of Snake 
River valley in Owyhee County. The temperatures are high, and 
as there are numerous hot springs in the region it is believed that the 
wells draw in part from deep-seated thermal waters rising in fissures. 
The wells all flow from 20 to 120 gallons a minute and are sunk to 
sands 1 in ihe Payette formation, of lower Tertiary age. 


1 Russell, L С Geology and water resources of the Snake River Plains of Idaho: 0. 8. Geol. Survey 
Bull. 199, p. 173, 1902. 

2 Russell, I. C., Preliminary report on artesian basins in southwestern Idaho and southwestern Oregon: 
U.S. Geol. Survey Water-Supply Paper 78, p. 35, Washington, 1903. 


ILLINOIS. 37 


Temperature in wells in Owyhee County, Idaho. 


pogs per 
Temper- | 98760 0 
Hv Depth increase 
Locality. (feet). CE in tem- 
3 perature 
(feet). 
Guffey 538 763 22 
Central.. 1,033 100 214 
Doss 0 98 204 
Do.. 1,035 106 19 
Do 0 100 15 
En 1562. 340 87 94 
к зек 385 90 10 
Hot pu ing, 700 90 18) 
De Lamar d. 975 120 14 


SP Waldemar, and Drake, N. F., U. S. Geol. Survey Geol. Atlas, Silver City folio (No. 104), 

These rates are based on an assumption that the mean annual 
temperature.is 52° F., a figure approximated from observations at 
distant stations. 

Russell also states that the water in a 240-foot well near Hot 
Springs, in Bruneau Valley, Owyhee County, had a temperature of 
109° Ғ. The well flows 7 gallons a minute and is near a hot spring 
of the same temperature. There are many shallow wells on these 
. lava plains of Snake River which yield warm water, but as the region 
is one of relatively recent volcanic activity the lava flows are doubt- 


less the source of the heat. 
NEZ PERCE COUNTY. 


In his report on Nez Perce County, Russell! gives a number of 
temperatures of deep wells and warm springs. A 220-foot well on 
the Dowd farm, 8 miles southeast of Lewiston, has a flow of 15 to 20 
gallons a minute, which in December, 1900, John Adams found to 
have a temperature of 582?. А copious spring near by had a tem- 
perature of 54?. Several wells about 100 feet deep, not far away, 
had flows with temperatures of 66? to 68?, according to the same 
observer. The mean annual temperature of the locality is estimated 
by Russell аз 48° to 49°. Russell believed that the water must come 
from a depth of 540 to 1,000 feet in these wells in order to account for 
the high rate of increase indicated, but as the region is underlain by 
recent ; basalt it appears to me more likely that this rock аба moderate 
depth is the source of the heat. 


ILLINOIS. 
TEMPERATURES. 


About fifty records of temperatures in deep wells in various parts 
of Illinois were obtained, and although in many of the wells the flows 
are mixed, in others the depth of flow is known and the rate of 
increase is indicated. At Streator and St. John Darton thermometers 
were sunk to the bottom of the wells. 


1 Russell, I. C., Geology and water resources of Nez Perce County, Idaho: U. S. Geol. Survey Water- 
Supply Paper 54, pp. 106-109, 1901. 
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Temperatures in wells in Illinois. 


Depth 
Mean [рег degree 


Tem- ; 
annual ofin- 
Location. Төргі ы tempera- | crease in Remarks. 
Ы (9 Е.) ture tempera- 
TAR А SU ture 
(feet). 
Alexander County: Cairo:a z 
Halliday. Hotel......-..... 824 62 57.5 155 Water possibly all or mainly from 
498 to 518 feet. 
Halliday residence......... 81 62 57.5 155 60-gallon flow from 753 feet; по іп- 
crease below 700 feet. 
Near mouth of Cache River 806 62 57.5 163 Water from 735 feet or higher. 
Cook County: H 
Evanston....-.- -----5 1,602 65 b 48.5 97 Source of flow not given. Probably 
higher waters mingle. 
Oak Park. 2,180 64 48.0 sae reat 
Chicago c. . 751 55 48.5 115 
Hancock County: 844 60 d 51.4 98 Source of flow not given. 
SEC County: Kewanee, 3 | 1,500 65 e 49.4 90 Cased to 1,330 feet. 
wells. 
Knox County: 
Galesburg 7--.-..221.2.. 7. 1,226 60 9 50 ^ 106. Cased to St. Peter sandstone at 
1,000 feet. Pumped 160 feet; 
dev supply from 1,100 to 1,215 
cet. 
Кпоху 629752779222 207 1,360 68 50 166 Cased to St. Peter at 1,180 feet. 
La Salle County: Streator. 2,496 | 776 k 50.4 97 Thermometer to bottom, 
Mercer County: Aledo 8,115 68 760 g ЗЕ Cased 1,705 to 1,805 feet. “Most of 


flow from bottom.” 

n 67 Cased to St. Peter sandstone at 
1,135 feet. 

83.5 | Thermometer down 24 hours. 


McDonough County: Macomb.| 1,630 68 


Perry County: St. John Coal | 3,735 |0101 
& Salt Co. ) 


Putnam County: Hennepin... 800 58 93 Cased nearly to bottom. 
Peoria County: 4 
Peoria Asylum............ 1,600 78 56.9 | Source of flow not known. 
Pulsifer well t 900 65 59.6 | Do. 
Stockyards а ue wet 850 65 56.3 Do. 
Sulphur water house....... 800 62 66.1 Do. 
Rock Island County: n 
Carbon Cliff. . 950 60 90 Do. 
East Moline. ...| 1,050 61.5 87 No easing. 
МЛАКА Де 1,027 61.5 85 
Moline: 
Prospect Park......... 1,121 61 49.4 99 Flows may mingle. 
Paper mills. ........... 1,375 63 49.4 101 Do. 
Rock Island: 
Hubers Brewery....... 1,187 60.5 49.4 u 82 Cased to 912 feet. 
Mitchell & Lynie...... 2,049 68 49.4 83 Cased to 1,200 feet. ‘Probably 
main flow from 1,550 feet.” 
St. Clair County: Marissa... ... 685 65 v 55.2 70 Pumps 30 gallons 200 feet. 
Stark County: Bradford....... 2,054 68 ш 49.4 110 Case: aes feet. Water pumped 
175 feet. 
Tazewell County: Pekin....... 950 70 249.9 42 Sulphur water. 
Whiteside County: Sterling....| 1,450 62 y 48.2 105 


а Glenn, L. C., Underground water of Tennessee and Kentucky west of Tennessee River and of an 
adjacent area in Illinois: U. S. Geol. Survey Water-Supply Paper 164, pp. 150-152, 1906. 

6 Chicago average for 42 years. * 

c Schott, C. A., On underground temperatures; Smithsonian Rept. for 1874, p. 250. 

d Keokuk, Iowa, average for 46 years. 

е Galva average for 24 years. 

f Udden, J. A., Some deep borings in Illinois: Illinois Geol. Survey Bull, 24, p. 65, 1914. 

9 Approximated. 

^ Calculated to 1,060 feet. 

i Calculated to 1,180 feet. 

3 Taken by Prof. R. Williams with thermometer from U. 8. Weather Bureau. 

k Average for 23 years. 

1 Average for 61 years. 

m Approximate mean annual. 

n Calculated to 1,135 feet. 

о Observation by superintendent in 1899 with Darton thermometer down 24 hours, Dry hole. Lime- 
stone below 2,500 feet. Another 24-hour observation gave 95? and a short one gave 93°, all in the midst of 
working double shift. 

р La Salle average to 1908. 

4 Udden, J. A., Artesian wells in Peoria and vicinity: Illinois Geol. Survey Bull, 8, p. 334, 1908. 

r All taken by Prof. 7. A. Udden, 1898, with a Sargent thermometer reading 1° higher than instruments 
іп U. S. Weather Bureau, Davenport, Iowa. 

в Davenport average for 45 years. , 

t Upper flow cased off, but casing may be corroded through as suggested by diminished pressure. 

u Calculated to 912 feet. 
v Maccoutah average for 26 years. 
w Henry average for 28 years. 
т Peoria average for 26 years. 
у Dixon average for 26 years. 
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SUMMARY. 


The most satisfactory observations of underground temperature 
in Illinois are those made at St. John and Streator, where thermome- 
ters were sunk to the bottoms of the holes. At St. John the instru- 
ment was left down 24 hours. When withdrawn it read 101°, indi- 
cating a rate of increase of 1° in 83.5 feet. The temperatures in wells 
in Rock Island County were accurately taken by Prof. Udden. The 
variation which some of them show is possibly due largely to mingling 
of flows. However, the observations were made just after vigorous 
drilling, and some heat of impact may be manifest. The wells at 
Peoria give results so closely accordant that presumably the flows are 
all from the bottom or near it. The Hennepin well, “cased nearly to 
the bottom,” and the Knoxville, Chicago, Marissa, and Galesburg 
wells give close approximations of rate if the water is not cooled by 
pumping. The temperatures in the Cairo wells may not be accu- 
rately determined. 

Flows from the deep well at Aledo may be mixed, and if so the rate 
of 1° in 168 feet is not valid. The Oak Park flow is undoubtedly 
mixed. The high temperature of water from the 950-foot well at 
Pekin probably indicates a source at the bottom of the well, and the 
rate of 1° in 42 feet is considerably higher than that of any other 
well in the State. 

The rates of increase given in the list appear not to have any 
regional relations but vary from place to place. Galesburg and 
Knoxville, not far apart, apparently have rates of 1° in 106 feet and 
66 feet, respectively. Pekin is not far south of Peoria, where the 
average rate is 1° in 60 feet. 


GEOLOGIC RELATIONS. 


The Illinois wells penetrate limestone, shale, and sandstone of 
Carboniferous to Ordovician age, all lying nearly horizontal, without 
local disturbances of large amount and with no volcanic rocks. The 
Streator well is stated to be on a low anticline trending northwest- 
ward. The deep wells in the southern part of the State reach the 
oldest strata, most of them drawing from the St. Peter sandstone. 
At Peoria the shallower wells in the Niagara limestone show no 
material difference in rate of increase in temperature from the 
deeper ones, which draw from the St. Peter sandstone. А similar 
condition is presented by various wells of Rock Island County. The 
Cairo wells penetrate Cretaceous deposits to a depth of about 500 
feet and then enter flint rock and sandstone of Mississippian age. 
If the flows are from about 500 feet, the base of the Cretaceous, 
the rate is 1? in about 110 feet. 
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INDIANA. 
TEMPERATURES. 
The few well temperatures on record for Indiana are not very 
| significant, because no statement is furnished as to the depth from 
ІП which the water comes. The following data may be of interest: 


Temperatures in wells in Indiana. 


Hitt | -> тас 


| 
| Depthper| 
| Mean 4 
| Depth | Tem- | annual degree of 
Location. epth | perature | air tem- | Crease Remarks. 
(feet). |*(feet), | perature | (ІП tem- 
(* F.) perature 
| o (feet). 
z | (йы УРЕ TUR Ееее УЧ Фан O8 
Brown County: Nashville..... 530 56 a53 | 176 | Flows 300 gallons a minute. 
Carroll County: 
T Delphi, several wells. 898-928 62 a50.7 80| Oil wells. 
ii Бота зям: + 1,040 62 50.7 92 Do. 
ПІН Cass County: Logansport о... 447 54 € 50. 9 7) 
li | | Crawford County: English. ... 887 60 a56 222 | 300-gallon flow. 
WE I Decatur County: Sandusky... 830 60 a 53 118 
ШІ Lake County: 
ШІ Hammond, 2 wells........ 1,780 60 d 49 162 | Water probably from shallow 
ІШІЕ source or chilled by pumping. 
| Fort УУаулее............ 2,635 51.5 7 50,125 ЕЕ 
Wabash е..... a$ 2,270 50:5; & 
| Terre Haute е... res 1,923 81 9 54.6 73 
AAT Laporte County: M gan 
|!!! СҮРҮ дуд E] 833 57 ^ 49 104 | Flows 300 gallons a minute. 


ІШІ a From U. S. Weather Bureau map. 

ІШІ b Capps, S. R., Underground waters of north-central Indiana: U. S. Geol. Survey Water-Supply Paper 
| 254, р. 93, 1910. 

| с Average for 36 years. 

| 4 Average for 29 years. 

! e U. S. Geol. and Geog. Surveys W. 100th Mer. Rept., vol. 1, p. 209, 1889, 

f Average for 20 years. 

9 Average for 26 years. 

^ Average at Laporte. 


ШІ SUMMARY. 


ІШ The rate in Indiana probably is not indicated accurately by these 
uM data except possibly by those for the Carroll County, Sandvsky, 
iM Terre Haute, and Michigan City wells, which give figures that appear 
|| reasonably accordant. 

i | IOWA. 

ІШІ TEMPERATURES. 

(| A report.of the State Geological Survey’ and a report by Norton 
TII and others? give temperatures of flows from many deep wells in Iowa. 
Doubtless most of the figures are correct, but for most of the wells 
either the flows are known to be from various depths or no facts are 
given as to their source. Some of the wells are pumped, a con- 
dition which is unfavorable for accurate results, especially if the 
air lift is used. The 3,000-foot well at Des Moines is one in which 
many flows mingle and the water is pumped to the surface. Tem- 
peratures of flows from several of the deep wells at Davenport were 
taken for me by J. A. Udden in 1898, but unfortunately in most of 
the wells there are mingled flows. "The well at Ames was tested by 
S. W. Beyer? who lowered a Miller-Casella thermometer and took 
readings every 100 feet. 


| 1Iowa Geol. Survey Rept., vol. 6, pp. 294-299, 1897. 
| 2 Norton, W. H., and others, Underground water resources cf Iowa: U. 8. Geol. Survey Water-Supply 
Paper 293, 994 pp., 1912. 

2 U. Б. Geol. Survey Water-Supply Paper 293, p. 749, 1912. 
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Temperatures in wells in Iowa. 


Depth 
Mean | per de- 
Total ( du Tem- ИШ, gree of 
a x gallons | pera- em-linerease! Й 
Location. dem per min-| ture | pera- |intem- Remarks. 
4 ute). (°F.). | ture pera- 
(°Е.). | ture 
(feet). 
Allamakee County: 
New Albin. 500 51 CUN TM ET ‚ 
Lahsinp ЖОЕ Е Ў 50 42.1. Err Source of water not given. 
Waukon, 3 miles north 396| Pumps 52 b47 80 | Sandstone 347 to 396 feet, with 
of.a many. water within 137 feet of surface, 
Blackhawk County: 
Waterloo. 15360 129915 225 56 46. 8 а Source of water not given. 
о. 1,365 |-3- 5.8 A 54 46.8 |44- in 
Cedar County: Tipton cd,e.| 2,696) Pumps 57 148.3 | 118 Water pumped 65 feet. “Хо 
225 water below 1,200 feet”; prob- 
ably all from St. Peter sand- 
| stone, 1,030 to 1,070 feet. 
Clayton County: MeGre- 520 Many 52 45 274 Flows. 
gor.¢ 
Clinton County: Clinton....| 1,605 500 72 48.6 69 Probably cased. Many other 
wells with mixed flows. 
Henry әлек Mount | 1,125 165 62 450.2 84 Water pumped 30 feet. 
Pleasant Asylum. ^ Water from 990 feet. 
Des Moines County: ј 
Burlington. 509 15 56 k50.5 93 Source of flow not given. 
Do... 450 Many 60 50.5 47 Flow presumably from bottom. 
DOS Reese аже К: 852 500 64.5 50.5 61 Some water also at 430, 700, and 
800 feet. 
Do: eU EE. er 460 40 60 50.5 48 Flow probably from bottom. 
Iowa County: Amana So- | 1,640 100 68 т47.9 81 Cased to 400 feet. Main flow 
ciety.? begins at 1,200 feet; gradual 
increase to 1,640 feet. 
Lee County: 
Fort Madison: 
Atlee well” ........ 740 Many. 64 051.9 57 Water pumped 85 feet. 
Paper compan í 689 600 62 51.9 62 Water from about, 680 feet. 
Doutta aisea 681 200+| 65 51.9 43 Water from 607 feet. 
Atchison, Topeka 764 Many. 60 51.9 77 Water probably from sandstone, 
& Santa Fe Ry.” 692 to 756 feet. 
Keokuk: р 
Втеуегу.......-.-. 7 Many. 65 451.4 51.5 
Pottery company . . 701 250 60 51.4 78 First sandstone 628 to 701 feet. 
МСД 769 350 64 51.4 55.5 | Water mainly from 700 feet. 
Pickle company.. 710 250 64 51.4 42 Water from 530 feet. 
Carter Cos езе з, 661 5 61 51.4 8 Көен mainly from 648 to 661 
ес. 
Мооаг с вик ика 809 165 67 51.4 51 RR to 600 feet; water from 800 
leet. 
Polk County: 
Des Moines city park...) 2,250 |.........- 70.0 | 849.3 109 ротаи. sunk by S. W. 
eyer. t 
69.4 49.3 99), 
69.5 49.3 87 
69.1 49.3 39 
68.3 49.3 66 
65.4 49.3 62 | Rate 250 to 2,250 feet is 138 feet 
to 1°. 
m CI 60.5 49.3 67 p to 1,000 feet is 75 feet 
0:19; 
|> 58.2 49.3 56 E 102,250 feet is 272 feet, 
01°. 
256 A 55.5 49.3 *.......- 


a U. 8. Geol. Survey Water-Supply Paper 293, p. 252, 1912. 

% Dubuque average minus 0.9°. ? 

c Iowa Geol. Survey Rept., vol. 6, pp. 185, 189, 200, 266-267, 1898. 

d Mead, D. W., Hydrogeology of the Upper Mississippi Valley: Assoc. Eng. Soc. Jour., vol. 13, p. 368, 1894, 

e U.S. Geol. Survey Water Supply Paper 293, p. 374, 1912. 

7 Cedar Rapids average plus 0.6°. ы 

2 Postville average. 

à Iowa Geol. Survey Rept., vol. 6, pp. 320-321, 1896; U. S. Geol. Survey-Water Supply Paper 293, p. 535, 
1912. E 8 

i Average for 36 years. М 

j U. S. Geol. Survey Water-Supply Paper 293, pp. 528-529, 1912. 

k Average for 19 years. 

l Iowa Geol. Survey Rept., vol. 6, pp. 286-287, 1896. 

m Cedar oe average plus 0.22, 

n U. S. Geol. Survey Water-Supply Paper 293, p. 563, 1912. 

o Keokuk average minus 0.4°. 

p U.S. Geol. Survey Water-Supply Paper 293, pp. 564-566, 1912. 

q Average for 46 years. 4 

r U. S. Geol. Survey Water-Supply Paper 293, p. 568, 1912. Ў 

ѕ Average for 38 years. Е 

t U.S. Geol. Survey Water-Supply Рарег293,рр. 734-738, from Iowa College Water-Supply, Ames, 1897 
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Temperatures in wells in Towa—Continued. 


Depth 
Mean. | per de- 
Total ( EO Tem- SS gree of 
] 3 gallons | pera- jair tem- increase 
Location. бөрі, рег min-| ture | pera- |intem- Remarks. 
+ ute). (°Е.). | ture рега- 
| (°F.). | ture 
(feet). 
Pottawattamie County: 1, 280 105 62 b50 83 | Flow from 1,000 to 1,100 feet. 
Council Bluffs.a р 
Scott County: 
Davenport: ¢ 
, Glucoseworks,three| 1,969 | “Many. 66.5 | d49.4 116 | Flows probably mingle. 
wells. 
Malting company’. . 800! Many. 60 449.4 75 | Cased to bottom. 
Тон 2 1,653 | Many. 64 449.4| e95 | First flow from1,385 to 1,585 feet. 
Witts Bottling Со.. 780 | Many. 59.5 | 449.4 77 
Woolen mills......- В Мапу. 60.5 | 449.4 |.......- Flows probably mingle. 
à Ice factory ...- 5 В Мапу 60 449. 4 Дау: Do. 
Kimball House....| 1,050 | Many. 59.5 | 449.4 |........ Do, 
Story County: 
Ames 2,100 | 63.4 | 746.8 127 | Thermometer sunk by 5. W. 
Beyer.g 
Do.. 175, 64.1 | f46.8 | 116 Do. 
Do 60.9 | f 46.8 107 Do. 
Do 57.0 | 746.8 98 Do. 
Do i 5 53.0 | 746.8 81 Do. 
Do.. Н | 512) 74682... 58 para troan 200 to 2,100 feet is 156 
eet to 1°. 
Хеуабя(..-...-..272212 940 | 200 59 f 46.8 77 | Cased 810 feet. Water at 940 
feet pumped. 
Wapello County: 
Ottumwa: 
Water company....| 2,047 700 70 $49, 8. 14е. Water mostly from 1,015 feet. 
По,--.---. ---| 2,047 300 70 449.3 ........ Cased to 1,200 feet and from 1,705 
to 2,047 feet. 
Morrell Co. 1,554 1,000 64 449.3 74 | Water from 1,085 feet. 
Tron works 1,150} Many. 62 149.3 82 | Water from 1,040 feet. 
Y: Meo; 800 33 65 14918 | d Source of flow not given. 
No.3... 1,702 1,500 67 149.3 77 | Cased to 1,360 feet. 
Washington County: 1,611 95 72 k 49.4 71 | Air lift pumps water 54 feet. 
ington./ Water from various depths; 
much at 1,115 feet, main sup- 
ply at 1,600 feet. 


a U. S. Geol. Survey Water-Supply Paper 293, p. 951, 1912. 
b Omaha, Nebr., average for 46 years. 
c Taken by J. A. Udden, 1898, with a Sargent thermometer reading 1° higher than the one in the Weather 


Bureau at Davenport. 
d Average for 45 years. 
е Calculated to 1,385 feet. 


7 Boone average of 14 years. 5 
g U.S. Geol. Survey Water-Supply Paper 293, pp. 734-738, from Towa College Water Supply, Ames, 1897. 


h Iowa Geol; Survey Rept., vol. 6, pp. 317-320, 1897; U. S. Geol, Survey Water -Supply Paper 293, pp. 
606-609, 1912. 

i Mean of Keosauqua and Oskaloosa. 

j Average for 35 years. 

k U.S. Geol. Survey Water-Supply Paper 293, p. 613, 1912. 


SUMMARY. 


The data here given from the Iowa wells present considerable 
diversity in value. The Beyer determinations of temperature at 
2,250 feet at Des Moines and at 2,100 feet at Ames are valuable 
records. They were taken with a Miller-Casella self-registering in- 
strument at intervals of 250 feet in the Des Moines well and 100 feet 
at Ames. Тһе wells were full of water and had not been disturbed 
for a month or more, The rates of increase in temperature, 1? in 
109 feet and 127 feet, respectively, appear abnormally low and are 
considerably less than the rate in the 940-foot Nevada well, 9 miles 
east of Ames. As shown in the table there were some remarkable 
local variations at different depths. "The rates indicated by many 
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records in the southeast corner of the State vary greatly. The 
deeper Ottumwa wells give 1° in 621, 774, 80, and 87 feet, and the 
800-foot well at the Young Men’s Christian Association Building 
indicates 1? in 53 feet or less. The Amana data appear to be not 
worth considering. Some of the Davenport data appear to be con- 
sistent and indicate a rate of 1° in 75 to 77 feet. The Keokuk, 
Fort Madison, and Burlington rates of 1° in 42 to 73 feet appear to 
be reliable, but the precise rate for each place is not deducible from 
the data given. The Mount Pleasant and Washington rates are 
reasonably consistent with the figures for the adjoining counties, 
The McGregor and Waukon wells, in the northeast corner of the 
State, although of moderate depth, appear to afford reliable data. 
The same is true of Council Bluffs, in the extreme western part of 
the State, where the rate of increase is the same as in the wells at 
Omaha, across Missouri River—1° in 83 feet. 


GEOLOGIC RELATIONS. 


The ‘Iowa wells penetrate limestones, shales, and sandstones of 
Carboniferous to Cambrian age. They lie nearly horizontal, but 
most of the State is occupied by a broad, open syncline whose axis 
extends from east and northeast to southwest and passes near Mus- 
catine, Oscaloosa, Indianola, Osceola, and Bedford. The Algon- 
kian rocks are deeply buried, for they were not reached by the > 
2,6964-foot hole at Tipton, and no igneous rocks or marked local 
disturbances are known to be near the wells of which data were 
recorded. "Тһе deeper borings and those in the northeast corner of 
the State draw from the sandstones of Cambrian or Ordovician age, 
especially the St. Peter sandstone, which is the source of supply 
at Tipton and Washington and is about 1,300 feet below the surface 
at Ottumwa, 1,100 feet at Davenport, 950 feet at Burlington, and 
900 feet at Keokuk.: The Ames, Amana, Davenport, and Des Moines 
holes penetrate the Jordan sandstone; the Nevada well draws from 
much higher limestones of Silurian age. The shallow Burlington 
and Fort Madison wells draw from strata considerably A the 
Jordan sandstone. When these facts are considered in connection 
with the rates of increase given in the table there appears to be no 
connection between the geologic horizon and the rate, so far as is 
indicated by the data Aui 
The abrupt change of rate from 1? in 75 feet to 1? in 272 feet at 
a depth of about 1,000 feet in the Des Moines well occurs just below 
the base of the Devonian. 
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KANSAS. > 
TEMPERATURES. 


Sixteen temperature determinations were obtained in Kansas, 
part of them by me and my assistants, who lowered thermometers 
to the bottom of the wells. Others are given in publications, nota- 


б \ м b 
bly in the report on mineral water.! The following are the data: 
Temperatures in wells in Kansas. 
Depth 
Mean_| per de- 
Tota ( di Tem- EA .gree of 
gallons | pera- Jair tem-lincrease| 
Location: беріп рег min-| ture | pera- |in tem- КОШАН 
eX ute). | (°Е.). | ture | pera- 
(°Е.).| ‘ture 
. (feet) 
Allen County: Iola a........ 720 7 618812441. Maer eee Gassy water from below 626 feet. 
Bourbon County: 
Fort Scott о... 621 Many. 67.5 | ¢56 54 | Good flow, begins at 510 feet. 
Do 22 i 700 | Pumps. 67 DOE Иә 
Cherokee County: Colum- 
bus РНИ 1:400 | severos 75.2 | с56.5 75 | Cased to bottom. 
Crawford County: 
Cherokee 4.............. 0132 725730707 71.5 | e 56.4 604 | Cased 300 feet. Water pumped 
from 100 feet, 
Girard ре МЕ а е5 75 g 56.3 52 | Cased 376 feet. Water pumped 
from 150 feet. 
Decatur County: Kanona..| 1,540 |.......... 89.7 | ^51.6 405 | In progress July, 1903. /Тһег- 
к omete; sunk by N. H. Dar- 
on, 
Douglas. County: Law-| 1,400 |.......... 005.5 Е scere Flows from depth not given, 
rence. 
Ellsworth County: Ells- ЗО 70 k 55 49 | Thermometer sunk by C. A. 
worth. j Fisher in 1900, 24 hours. 
Finney County: Garden donee АЩ 63.5 54 146 | Thermometer sunk by W. D. 
2d Johnson, July, 1898. 
Meade County: 
Meade ааа 825 | tae STU tes 71.5 | m 56.5 22 | Thermometer sunk by W. D. 
d Johnson in July, 1898. Water 
was within 42 fect of surface. 
Ро еу 2053 ее 61.7 56.5 51 | Flows. 
Montgomery County: 
Coffeyville, 1 mile ОТО р Е 69 257.7 54 | Oil well not in use. Thermom- 
northeast of, eter sunk by E. б. Woodruff. 
Caney, 1 mile west of...| 2,775 |.......... 73 57.7 181 | Abandoned boring, Thermom- 
eter sunk by E. G. Woodruff. 
Independence о......... 1,100 59257: 62 АСЕ А Source of flow not given. 
Morton County: Richfield ¢ 600 6.3 66 756 57 | Flows from 570 feet. Іп гей 
2 beds 265 to 600 feet. 
Neosho County: St. Paul t.. OU ane 212 DOREM oo Pisae ERES Gassy water. 
Pawnee County: Ў 
Larned sere 2. 750 250 65 t 54,3 70 | Pressure 23 pounds, Brine 
from 743 feet. Flow also at 
2 430 feet cased off. 
МУ сата 743 240 65 54.3 69% | Thermometer lowered by С. A. 
Fisher, 1900, 


a Kansas Univ. Geol. Survey, vol. 7, p. 251, 1902. 

b Iäem, p. 265. 

c Average for 10 years. 3 
d Kansas Univ. Geol, Survey, vol. 7, p. 39, 1902, 

e Kansas Univ. Geol, Survey, vol. 7, p. 268, 1902. 

f Kansas Univ. Geol. Survey, vol. 7, p. 151, 1908. 

g Columbus average minus 0,2°, 

h Norton average for 18 years. 

1 Average for 20 years. 

j On ranch of J, Cochran, SW. 1 NW. 1 sec. 15, T. 15, R. 8. 

k Salina average minus 0.19, 

1 Average for 21 years. 

7» Ashland average for 18 years. 

7 Independence average minus 0.1°. 

o Kansas Univ. Geol. Survey, vol. 7, p. 150, 1902, 

pAverage for 38 years. 

а Senate Committee on Use and Reclamation of Arid Lands Rept., vol. 4, p. 60, 1890, 
7 Ulysses average minus 1°, 

s Kansas Univ. Geol. Survey, vol. 7, p. 158, 1902. 


t Marksville average minus 0.2? 


1 Bailey, E. Н. S., Kansas Univ. Geol. Survey, vol. 7, 343 pp., 1902. 
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Temperatures in wells in Kansas—Continued. 


| 
Depth 
Mean_| per de- 
Total chit “Теш- | annual | gree of 
"m t gallons | pera- [air tem- increase 
Location. io. permin-| ture | pera- intem- Remarks. 
"| ute). (°Е.). | ture | pera- 
(°F.). | ture 
| (feet). 
( 
Rice County: ў | | 
Lyons Gas & Oil Co.... 950: ye ses et. 71} | 254.4 56 | Salt shaft. Thermometer low- 
| ered by С, A. Fisher, 1900. 
5 : | Down three hours. 
Lyons, salt mine....... Ф : 69 54.4 | 74 |Saltshaft. Thermometer placed 
| in bottom by С. А. AL 
Sterling, NE. 1 SW. 1 040 9 pu 54.4| 56 | Thermometer lowered by C 4 
sec. 22, | Fisher, 1900. Down 4 amv 
| | Water is within 3 feet of sur- 
| face. Rock salt and shale 710 
| to 946 feet, 
| 
a Ellinwood average for 21 years, 
SUMMARY. 


Most of the Kansas observations are in fairly close accord as to 
rates of increases in temperature. The principal exception is that of 
the Caney boring, which shows a temperature of only 73° at a depth 
of 2,775 feet. Possibly this is due to gas escape. This hole and 
those at Independence, Coffeyville, Fort Scott, Girard, Cherokee, and 
Columbus are all in the southeast corner of the State. The average 
rate exclusive of Caney is 1° in slightly less than 60 feet. The group 
of four holes in central Kansas have rates of 1° in 48.7 to 56.2 feet, 
but the rate decreases to 1? in 74.2 feet in the deep shaft at the Lyons 
salt mine. Four wells in the western part of the State have rates 
of 1° in 41, 47, 51, and 57 feet; the first and third represent careful 
measurements. There i is a great difference in the rates of the-two 
wells at Meade as détarrdined by Johnson. 


GEOLOGIC RELATIONS, 


The wells in Kansas penetrate a variety of sedimentary forma- 
tions, but the strata are nearly horizontal and no igneous rocks are 
known to exist near any of the holes in the list. The wells in the 
southeast corner of the State are in limestone, shale, and sandstone 
of Carboniferous age, some of the deeper ones penetrating the upper 
part of the Mississippian. Тһе Ellsworth, Lynn, and Sterling wells 
are in the salt series of the Permian. The Richfield well is in the red 
beds of the Permian, Garden City, and Kanona in the Dakota sand- 
stone (Upper Cretaceous). The Meade wells reach red beds under a 
thick mantle of sand and gravel of Tertiary age. The high rate of 
increase in the 325-foot well at Meade, 1? in 21.7 feet, may be related 
to a fault supposed to extend along one side of the artesian basin. 
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KENTUCKY. 
TEMPERATURES. 


Very few records of well temperatures have been reported from 
Kentucky. The most important one is that of the 2,086-foot well 
sunk in 1857-58 at Louisville, which indicates a rate of increase of 
1? in 106 feet if the water comes from the bottom. 


Temperatures of wells in Kentucky. 


l; Depth 
Mean per 
chee: Tem- |2unual Норин 
" 4 air ofin- 
Location. терщ he pore | tem- | crease Remarks, 
А Рег (C Е.) pera- |intem- 
ute) ""| ture | pera- 
ФА (°F.).| ture 
(feet). 


Jefferson County: Louisville..| 2,086 264 | а76 656.8 106 


i 81 
Jessamine County: Harris- 485 |.... 77 | 456.1 23 | Flow of poor water. 
burg (on Kentucky River). 
Meade County: Fountain | B28 гъа 64 f 56.2 57 | Gas and brine. 
| 


Farm.e 


/ Irvington average for 19 years. 
SUMMARY. 


The old Louisville artesian well with a large flow should give a 
reliable indication of the rate of increase, but two widely different 
temperatures are reported. "The result for the Harrisburg well is 
dubious. "The Fountain Farm well is gassy, but the rate is reasonable. 


GEOLOGIC RELATIONS. 


The strata penetrated by the wells listed in the table are limestone 
and shale of Paleozoic age on the west slope of the Cincinnati arch, 
and the dips are very low. Тһе Louisville hole penetrates Devonian, 
Silurian, and Ordovician strata. The Fountain Farm well pene- 
trates Mississippian limestone to the Devonian black shale. 
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LOUISIANA. 
BELLE ISLAND. 


The most significant determination of underground temperature in 
Louisiana is опе made.for me by T. N. Knapp in February, 1909, 
during the sinking of a 3,171-foot boring at Belle Island, near Morgan 
"City. A Darton thermometer was lowered to various depths with 
the following results.: 


Temperatures at different depths in hole at Belle Island, La. 


Depth Temper- 


(feet). ery. Remarks. 
. 427 75 In salt water. 
764 79 24 hours after drilling ceased. 
975 82 Dry salt. 
1,625 82 Dry hole. 


At 427, 764, and 975 feet the instrument was down 36 hours. 
It was sent down again 24 hours later, obtaining closely accordant 
results. At 1,625 feet there was much gas, which caused a diminished 
temperature, so no observations were made at greater depths. The 
beds below 211 feet were salt or salt bearmg. The rates of increase 
were as follows, as calculated from a mean annual temperature of 
68.7? (Franklin average for 24 years plus 0,29); 


Depth per degree of increase in temperature in hole at Belle Island, La. 


Feet, Feet. 
Surface to 427 Тееі.................. OB TIT427.toc704t T саа 84 
Surface to 764 feet.................. 74-11427 tO DIOT e aans а e ace ee rre. 78 
Surface to 975. Чееі 20211... 0222... 19111764 to 975] Ieet:01--2-2022:25 Ооа 70 


MISCELLANEOUS DATA. 


Although there are many flowing wells in Louisiana they afford 
but few reliable data as to the geothermal gradient. Harris * gives 
results of his own observations for many wells, notably those in 
St. Tammany and Tangipahoa parishes, and Veatch? gives records 
from various sources, but only in a few of the records is information 
given as to the source of the water. However, as the pressures are 
such as to indicate considerable depth, and as the materials are soft, 
it is probable that the wells are cased to or nearly to the bottom. 
If so, the temperature records are valuable as indicating approxi- 
mately the rate of increase with depth. 


1 Harris, G. D., U. S. Geol. Survey Water-Supply Paper 101, pp. 33-60, 1904. 
2 Veatch, A. C., U. S. Geol. Survey Prof. Paper 46, pp. 208-223, 1906. 


48 GEOTHERMAL DATA OF THE UNITED STATES. 


Temperatures in wells in Louisiana. 


Depth 
Mean per 


deis Tem. annual degree 
air of in- 
Location. Depth | lons | pera- | tom. | crease Remarks. 
(feet). per ture cem |29 
mins | (°.F.), | Betas |mtem- 
ute) ture pera- 
t (° F.).| ture 
(feet). 
Caddo Parish: Shreveport... . 996 | Many. 84.0 | «65.1 53 | Brine with gas. 
Calcasieu Parish: Welsh..... 190 | 1, 200 71.5 | 0267.4 46 
Catahoula Parish: Leland....| 1,550 10 86.5 | ©66.8 78 Do. 
Orleans Parish: 
New Orleans............. 1,229 55 81.5 | 468.2 92 Do. 
New Orleans, 1 mile west 
of. e 900 12 79 68. 2 83 
Ouachita Parish: Monroe. ... 385 | Many. 71 765.6 71 
De Soto Parish: Frierson....| 1,500 10 70 404.8 Тр: Flows at 241 to 281 and 998 to 
St. Tammany Parish: 1,275 feet; probably mingle. 
Covington: 
Dummoi22-9--:- e: 572| 20 | 74 | 566.8 80 
Dixon Асайвту.....|........ Many.| 72.6 66, ӨЗ Н. . 
Claiborne. ........... 630 30 73 66.8 101 
Courthouse, 1901.....|................ 73 
Courthouse;1903 4-25. | 3.998 5. СОКЕ. 72.4 


John Dutch. 


H. Hallen.. 520 30 72 
Hernandez 2m 610 38 73 
of. 
Негпапдбе2............... 610 40 724 66.8 111 
Maison Blanche. . un. 480 16 721 66.8 87 
Abita Springs. . 545 54 73 66.8 88 
ро 5353 y 574 27 73 66.8 93 
Ооа dur 526 56 74 66.8 78 
Mandeville. - . 217 28 69.5 | 67 87 
рола: 247 | Many. 71 67 62 
Chinchuba....... 325 | Many. 72 67 65 


Sabine Parish: Negreet......| 680 30 70 165.4 137 | From 630 feet, but possibly 
Tangipahoa Parish: higher flows mingle. 


Ponchatoula............. 232 3 71 k67 58 
Ponchatoula, 3 miles 170 10 69.5 67 70 
north of. 

Налтповаз 7. 272 20 70.5 67 80 
DOE A SEE 225 2% 70 67 75 

Dod qus уй 330 24 71.5 67 73 

Don m 265 7 71 67 66 

Do. 265 28 71 67 66 

Do. 377 24 71 67 94 
ОЗЕН A 300 25 71 67 75 
Hammond Ice $ 940 rr Em. 72Ь 5222Ж. 68 

Hammond: 
14 miles south-south- 212 8 69 67 106 
west of. 

Dodo SS. 140 3 69 67 70 

14 miles south of...... 309 30 72 67 62 

1 milesoutheastof.... 318 45 70.5 67 - 91 

DOR ааа cS 302 24 70.5 67 86 

1 mile south of. 1380 15 70.6 67 106 
1 mile east of. ........ 235 уху Ж 69 (yan. TOR 

14 miles south-south- 298 5% 70% 67 80 

east of. 
Vermillion Parish: Gueydan, 190 8 78 | m 68.3 40 
3 milessouthwest of. н 
Winn Parish: Drake Salt | 1,011 18 75 o 66. 123 | Brine from Cretaceous. 
Works. 


a Average for 45 years. 

b Lake Charles average. 

c Natchez, Miss., average for 29 years. 
d Average for 45 years at Station 1. 

е Cased to bottom. 

1 Monroe average for 28 years. 

9 Grand Cane average for 22 years. 

h Average for 24 years. 

# Covington average plus 0.2°. 

3 Average at Nacodoches, Тех. 

k Hammond average for 24 years. 

1 Water from 340 to 380 feet. 

m Abbeville average. 

n Veatch, A. E., Louisiana Geol. Survey Rept. for 1902, pp. 51-64, 1903. 
o Mean at Dodson, 1916. 
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Water from pumped wells 197 to 315 feet deep in Bossier Parish is 
reported to have temperatures from 64° to 66°; from a 225-foot well 
at Belcher, in Caddo Parish, 66°; from wells 137 to 280 feet deep at 
Shreveport, 66° to 68°; and from several wells 115 to 368 feet deep 
in Webster Parish, 65° to 669: All these figures are so near the 
mean annual air temperature that they throw no light on the rate 
of increase. 3 
SUMMARY. 


None of the rates of the deeper wells given in the list are close 
approximations. In the Frierson and Negreet wells probably the 
mingling of flows gives a lower temperature than the water from the 
lower flow would show. The wells of Tangipahoa Parish are too 
shallow to be reliable within close limits, but they give an average 
rate of 1° in very nearly 80 feet. 


GEOLOGIC RELATIONS. 


All the wells in Louisiana are in the great Coastal Plain sedimen- 
tary series of the Mississippi embayment, but several horizons are 
tapped. The strata are sands, clays, and limestones of Cretaceous 
and Tertiary age, dipping at low angles in various directions. In 
northern Louisiana there is a general dip to the east into a basin 
whose bottom is near Vicksburg, Miss., at a rate of generally from 
7 to 10 feet to the mile, with few local variations, some of which are 
due to sharp local uplifts. This basin widens and deepens to the 
south and becomes a deep, wide trough containing a great thickness 
of Tertiary strata. The briny waters of the Shreveport well come 
from the Nacatoch sand in the Upper Cretaceous, and the brine at 
the Drake salt works is also from the Cretaceous. Brine from the 
Leland well is believed to be from the Eocene Yegua (‘‘Cockfield’’) 
formation, 1,500 feet higher. The beds tapped by the shallow wells 
of Calcasieu, St. Tammany, and Tangipahoa parishes are high in the 
Tertiary. 

MARYLAND. 

Only one well temperature was obtained from Maryland—that of 
the 140-gallon flow of saline water from the deep well at Crisfield, 
Somerset County, on the eastern peninsula. The flow comes from a 
depth of 1,025 feet in the Potomac group, and the temperature, 79°, 
was determined by Mr. John Buxton with a reliable thermometer 
sent to him for the purpose. As the mean annual temperature at 
Pocomoke City, not far away, із 57.4°, this determination indicates a ' 
rate of increase of 1° in 47.4 feet. 


1 Veatch, A. C., U. S. Geol, Survey Prof, Paper 46, pp. 201-207, 217-223, 1906. 
137163°—20—Bull. 701 4 
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MICHIGAN. 
SOURCES OF INFORMATION. 


Temperature observations that have been made in deep borings 
and deep mines in Michigan throw important light on the rate of 
increase in temperature underground. Some of these have been 
made by А. C. Lane,! in part with thermometers which I furnished. 
On account of the differences in the geology of the two areas it is 
best to present the results of observations made in southern and 
central Michigan separately from those of observations made in the 
area of older rocks in the northern peninsula. Lane has considered 
the probable mean annual temperature of the northern peninsula and 
also gives temperatures in shallow borings and in upper levels in cer- 
tain copper mines. 

NORTHERN PENINSULA. 


Many determinations of underground temperature are available 
for the northern part of Michigan, mainly іп connection with the 
deep mines. 

In 1895 Alexander Agassiz? reported the results of a series of 
observations made in copper mines of the Calumet & Hecla Co. on 
Keweenaw Point. This point, which extends 70 miles out into Lake 
Superior, consists of a series of old igneous and sedimentary rocks 
dipping 7°-55° and overlain by Cambrian sandstone. The mines 
are mostly in the older series. The temperatures were taken at inter- 
vals, but only those at 105 feet and 4,580 feet were published. Ne- 
gretti and Zambra thermometers were used, placed in 10-foot holes, 
slightly inclined upward, and left from one to three months, the holes 
plugged with wood and clay. The results were 59° and 79°, a differ- 
ence of only 20? for the 4,475 feet, ог an increase of 1° in 223.7 feet. 
However, if the 59° observation is disregarded and the increase to 
4,580 feet calculated from a mean annual air temperature of 4393 
the result is 1° in 127 feet, which is borne out by other observations. 
It 15 evident that the reading of 59° at 105 feet was defective, because 
it is 16° to 20° higher than the mean annual air temperature. 

In a letter to J. D. Everett іп 1896,4 Agassiz stated that further ob- 
servations had shown that the rate was “different from what it 
was believed to be when the preliminary announcement was made." 


! Lane, A. C., The Keweenaw series of Michigan: Michigan Geol. and Biol. Survey Pub. 6, vol. 2, pp. 
797-713, 1911; Am, Jour, Sci., 4th ser., vol. 9, p. 435, 1900. 

2 Agassiz, Alexander, On underground temperatures at great depth: Am. Jour. Sci., 3d ser., vol. 50, рр. 
502-504, 1895, 

з The mean annual air temperature at Calumet is 39.7? (29-year average), but shallow-water and mine 
workings indicate several degrees higher, according to Lane. 

4 Underground temperatures: British Assoc. Adv. Sci., Report of 7ist meeting, р. 65, 1901, 
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In 1886 Wheeler + presented to the St. Louis Academy of Sciences 
an account of temperature observations in copper mines of Keweenaw 
Point. Wheeler's results are given in the following table: 


LJ 
Temperature observations in copper mines on Keweenaw Point, Mich. 
Depth 
per 
Temper- | degree of 
Mine. Depth. ature | increase | Temperatureatcertaindepths.¢ 
(°F.). in tem- 
perature 
(feet). 
Atlantic........ 907 51.6 994 | 43.6? at 111 feet. 
Септи ге еее l 61 101 | 42.6° at 90 feet. 
кыш (Dela 48.3 95 | 42.8° at 90 feet. 
Quincy i EET 2s 58.5 122 | 43? at 111 feet. 
Osceola. . 54.5 76% | 42.3? at 136 feet. 
Tamarack 62 110} | 43° at 136 feet. 
| 


a The figures in this column were used in calculating the rates of increase. 


Wheeler states that the most satisfactory results were obtained in 
the Atlantic mine, where observations at intermediate stations gave 
an accordant rate. The Conglomerate mine is 36 miles farther east. 
The rate in the Tamarack mine may be vitiated by the proximity of 
active mining. All the mines were nearly dry. Wheeler suggests 
that the low rate of increase in this district may be due to the prox- 
imity of Lake Superior, with its great volume of cool water (38. 8°). 


Temperature observations in mines and holes in northern peninsula of Michigan. а 


Depth 
a Мез : per 3 
етрет- | annual | degree o е 
Locality. teste ature | air tem- | increase Remarks. 
iius (°Е.). | perature | in tem- 
°F.). | perature 
(feet). 

Ls —_ z E |----------------------- 
Froda Well ыг Алекс sis case 950 Брес 84 | Temperature 454° at 100 feet. 
Victoria mine >. c1,350 57 +44 104 | Eighteenth level. 

Champion minev. 465 45.8 We ge AE 9 to 250 feet west of shaft. 

[UO ed dudes ч эө npo ah vie 1,335 52 BA, d ы. Twenty-fourth level, 140 feet 

west. 

1,500 55 РЕТИ End of twenty-sixth level. 

1, 650 56.5 44 111 | End of twenty-eighth level, 750 
feet from fifth shaft. 

1,090 56 44 88 |. 

1,210 56 44 94 | Surface water 449, 

1,153 55 44 105 

1,435 59 44 954 | In water. 

2,400 61 44 141 1 о No. 2 shaft, thirtieth 
evel. 

1, 850 62 44: 180 | Foot of shaft. 

(7) 69. |.......--- (?) Slope 3,100 feet long on Osceola 
lode, 72° during previous sum- 
mer. 

Ojibway mine.......-........ 680 50 44 113 | On 1,225-foot slope, 33? dip. 
Franklin, jr., mine. | 1,600 61 44 94 Twenty-first level cross cut. 
Old Franklin. ..........-..-.- 3,200 | 62-63 |! 44 169 | Third level; G. Pope, observer. 


а Lane, A. C., The geothermal gradient in Michigan: Am. Jour. Sci., 4th ser., vol. 9, p. 435, 1900; Michi- 
gan Geol. Survey Ann. Rept. for: 1901, рр; 244-251, 1902. 

b Lane, А. C., The Keweenaw series о Michigan: Michigan Geol. and Biol. Survey, Pub. 6, vol. 1, pp. 
757-773, 1911. 

с Vertical depth not given. 


Di, 3d ser. с> 
 ZAKtad $i 
A GEOLOGIJI ES 


i Wheeler, Н. A., Temperature observations at the Lake Superior copper mines: Am, Jou, 
vol. 32, pp. 125-129, 1886. 
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Temperature observations in mines and holes in northern peninsula of Michigan.—Con. 


Depth 
Mean per 
x Temper- | annual | degree of 
Dept А > 
Locality. (feet) ature | air tem- | increase Remarks. 
(ЕЛ perature | їп tem- 
3 perature 
(feet). 
Татаас шесе 4,400 84 44 110 | R. M. Edwards, observer. 
D03233:-44. а senor 5,223 85 44 127 Do. 
Рома ауана 5,867 | 88-91.4 44 934 чш у by Lane in 
amp mud. 
Tamarack, No. 5 4, 662 82 44 123 | W. E. Parnall. 
Doves 4,900 87 44 114 | J. Hull, mine inspector. 
Quincy minea 1, 080 57 44 83 | Diamond-drillhole, 3 days. 
Do 2,941 64.5 44 1434 | Diamond-drill hole, 5 days. 
Do 2,941 67.5 44 121 | Breast of drift. 
Do 3,090 68.5 44 126 Do. 
Do 8,196 69 44 128 Do. 
Do.. 3,403 746 44 126 Do. 
Do.. 8,620 75 44 117 | Driveway between shafts. 
Do.. 3,816 | 79,80 44 106 | Breast of drift. 
Do 3,875 16 44 121 | Diamond-drill hole, 40 hours. 
Mer pee deme e 500 47.5 44 143 уо ues is em шу em € 
„аке Linden, Houghton ow 50 gallons. in sand- 
gount SW. 1 sec. 6, T. 55, stones. 
2:027 Sesto an hg Eai 1,000 51.5 44 133 
о а заи 1,490 55.5 44 130 | Rate indicated by difference be- 
twoen figures for 500 and 1,490 
feet is 10 in about 124 feet. 
Lake Superior mine, Ishpe- 900 50 44 150 | Thermometer 20 minutes in 5- 
ming. foot hole in shaft. 


a The depths here given assume tho surface to be 500 feet above Lake Superior, for in the original paper 
depths are given with the lake as the datum and the surface is irregular. 


8. Smillie, engineer. 


Temperatures were all taken by 


'The temperature of 57? at 1,080 feet in the Quincy mine appears 


anomalously high when compared with the record at greater depths, 
The rate of increase calculated from the difference between the tem- 
perature at 1,080 feet and 3,875 feet is 1? in 147 feet; from 2,941 to 
3,875 feet it is 1? in 81 feet on the basis of a temperature of 64.5? in 
the bore hole, and 1? in 110 feet on the basis of an observation of 


67.5? in the breast of a driit. 


CENTRAL AND SOUTHERN MICHIGAN. 


Temperatures in deep wells in central and southern Michigan. 


т Depth 
т ean | per 
hate Tem. | annual | degree 
Locality Depth | lons | pera- | tem- УУУ, Remarks 
2 (feet). | рег ture era- lint us 
min- | (* F.).| P n tem- 
ute) ture pera- 
ы (° F.). | ture 
(feet) 
Alpena County: Alpena a .... 698-711 200 53 b 41.8 62 | Main supply from 698 to 711 feet; 
surely below 588 feet. 
Bay County: 2 2 
Bay Cit yc. tev saws. - 3, 455: кл Се, ; # 97 446.5 684 | Thermometer 5688 down 8hours. 
Do 2. 934 90.1 46.5 67 КООШ 5688 апа 5690 
IO S pe Сы nr 2E хар ae cae E0002 46.5 664 down half an hour. 
Do 2. 982 7 46.5 75 ME ned d 5088 and 5690 
wm E Ru esas , tse a wire 46.5 75 down half an hour. 
Dor EE 1702 cen 71 46.5 73 | Thermometer 4708 down 50 
minutes. 
осал ее 18042202263 65 46.5 70 | Thermometer 4708 down 1 hour. 


a Lane, А. C., Am. Jour. Sci., 4th ser., vol. 9, p. 435, 1900. 


b Average for 44 years. 

c Lane, А. C., op. cit., рр. 
ceased two months; bore full 
in duration. 

4 Average for 21 years. 


434-438. Test by C. A. Davis with Darton thermometers after drilling had 
of heavy brine. The tests at 2,282 and 1,793 feet were regarded as too short 


сл 
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Temperatures in deep wells in central and southern Michigan —Continued. | 


Depth 
Flow Mean per * 
(gal- | Tem- anuna GERE 
ота- Y m 
Location. Depth lons | pera tem- | crease Remarks. 
(feet). | per ture + В 
min- | (° F.) pera- |in tem- 
ute) ture pera- 
Р (° Е.). | ture 
(feet). 
Benzie County: 
ҒтавіІогфа-......--.-.%. 2,200 280 58 544,9 c61 | Water from 800 feet; surely þe- 
4 low 590 feet. 
ОЕ ees ae 25200 18 рна 56 44.9 | c72 Do. 
р Ee E R ыйы; T 1,800 6205. 54 44.9 с 88 Do. 
Berrien County: Niles........ 1, 438 15 СОЕ еер eT. 
Cheboygan County: 
Cheboygan е. 1,380 |... 61.6 | 742.6 714 | Near base of Salina formation. 
Oe Pure 2, 700 73 42.6 89 | The rate from 1,360 to 2,700 feet 
is 118 feet to 1°. 
Cheboygan waterworks... 808 22-366 h 51.8 42.6 44 
Burt Таке же 464 4(?) 51 42.6 55 
2,600 95.9 | d42.7 49 
2,376 93.8 42.7 46% 
RM 2,150 |. 89 42.7 465 |{ Thermometer 7815 down 1 hour 
ЧЕЗ 900 |. 58.4 42.7 k57 to 24 hours. 
ieee 2-2 500 51.8 42.7 55 
Emmet County: Petoskey.... 575 50 143.3 86 
зепеѕее County: Flint m.. .-- 376 52 45.9 61 | Water at 376 feet. 
Grand ‘Traverse: Traverse 417 51 45.9 82 
City.° 
Giatiot County: | 
АШпар................... 2,863 | Flows.| 98 45.6 54} | Temperature of water brought 
| up in sand pump. 
Alma, samo woll......... 900356252 «e| 69.6 45.6 874 | Test by A. C. Lane, 1900. 
Ingham County: 
Lansing 4 ---| 1,400 1 58.5 46.7 Saline water; source not known. 
Мазоһ0:...2.......2..... 40012....... 53 46.7 |. 
Tonia County: 
Tonla o beu Бет ei tery 400 | Many. 55 746,8 44 | Water from 362 feet. 
БЫ ee ee police 52.3| 46.8 |....---- 
ТОЗА itd tcd ea 92055240555 59.8 46.8 46 
Lenawee County: 
Britton s .... T 010] E 07.6 | 448 83 
Lenawee 945 |........ 59 48 86 
Mackinac County: St.Ignace ш 1,155 | Many. 51 40.9 v57 oo Урун: feet; some also 
at 1,040 feet. 
Macomb County: Mount 1,265 |........ 56 247,8 79 | Water from 700 feet. 
Clemens.w 


a Michigan Geol. Survey, 1881-1893, p. 59. 

b Average for 13 years. ^ 

с Calculated to 890 feet. 

d Lane, A. C., Am. Jour. Sci. ,4th ser. ,vol.9,p.435, 1900. 

e Taken by A. C. Lane (Geol. Soc. America Bull., vol. 13, 1903) with Darton thermometer 7812. Down 
1 hour on bailer. Temperature 51.8? at 408 feet. 

f Average of 20 years to 1908. 

g Tested by F. P. Rust, contractor, who determined other temperatures with thermometer 9114 as 
follows: 100 feet, 53°; 400 feet, 51°; 700 feet, 5,1.5°; 1,000 feet, 55°; 1,300 feet, 60°; 1,400 feet, 60°; 1,700 feet, 63°; 
1,800 feet, 65°; 2,000 feet, 65°; 2,300 feet, 68°. 

h Taken by A. C. Lane with Darton thermometer 7536. 5 . 

i Leverett, Frank, U. S. Geol. Survey Water-Supply Paper 182, p. 363, 1907. Other wells with flows 
46° to 48°. 

į Lane, A. C., op. cit., and Michigan Geol. Survey Ann. Rept. for 1901, p. 250, 1902. 

k Rate of increase from 500 to 2,600 feet is 48 feet to 1°. 

1 Average for 27 years. 

m Cooper, W. F., U. 8. Geol. Survey Water-Supply Paper 102, p. 492, 1904. 

n Average for 28 years. 

o Leverett, Frank, and others, U. 8. Geol. Survey Water-Supply Paper 183, pp. 16, 242, 324, 1907. 

p Michigan Geol. Survey Rept., 1881-1893, рр. 45-46, 1895. ‘This report is somewhat discredited by 
A. C. Lane in Am. Jour. Sci., 4th ser., vol. 9, p. 435, 1900, but accepted in Michigan Geol. Survey Rept. for 
1901, p. 249. 

a Michigan Geol. Survey Rept., 1881-1893, p. 66, 1805. 

r Grand Rapids average for 28 years minus 1.3°. 4 

s Lane, А. C., Michigan Geol. Survey Rept. for 1901, p. 249, by probable misprint gives deeper tempera- 
ture (53°) but with data indicating that it is 67.6°. 

t Hillsdale average for 20 years plus 0.69. 

u Michigan Geol. Survey Rept. 1901, p. 248, 1902. 

v Calculated to 575 feet. 

v Cooper, W. F., op. cit., р. 496. 

= Average for 17 years. 
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` Temperatures in deep wells in central and southern Michigan—Continued. 


У Т Depth 
қ ean | per 
4 bes Tem- |3nnual| degree 
: Depth jens pera) 9086] rof inc = 
Location. tem- | crease Remarks. 
(feet). | per ture erase in teme 
mins (2 E сати атар 
ute) ture | pera- 
ane (° F.).| ture 
(ӛсей) 
Midland County: 
Midland а................ 1,205 | Flow. 62.5 | 046.1 734 
Ingersoll ósi csset buie ch sls 62001120704 ex. 52 46.1 105 4 
Muskegon County: 

Muskegon, Ryerson well..| 1,150 |........ 67.2 | 246.7 56 | Plugged at 1,200 feet; full of 
water; flows from base of drift 
at 240 feet are 53° to 533°. 

Бо ағы wis Gn d rh poh ares! 650.5 [2% sine 58.7 46.7 54 
DO aa b= rdi er ra 2405. рея 53.2 40.7 37 | Rateofincrease from 240to 1,150 
feet is 1? in 65 feet. 
St. Clair County: e 
t. СТА, ғат ғаны 1,6607 [7X ae ers 71.2 | 745.8 63 | Salt well; idle for months. 
St. Clair, Oakland well...| 1,200--|P'mp'd| 69 45.3 56+ 
Port Huron 800 54.2 ОЗА 
Шон А 600 55.3 45.3 60 
Ол ғат аке е 838 57.5 45.3 69 | Rate of increase from 300 to 838 
feot is 1° in 163 feet. 
Saginaw County: 
Saginaw, salt well........ 617 54 9 46.3 80 
D -.| 581 51 46.3 113 | Rate of increase from 293 to 617 
feet is 1° in 81 feet. 
293 |. na 50 46.3 80 
1022 0/22; 47 40,3, а Rate of increase from 102 to 617 
feet is 1? in 75 feet. 
a Lane, A. D., Am. Jour. Sci., vol. 9, p. 434, 1900. 


b Average of Bay City minus 0.4°. 

с Leverett, Frank, and others, U. 8. Geol, Survey Water-Supply Paper 183, pp. 16, 242, 324, 1907. 
4 Average ior 20 years. 

е Michigan Geol. Survey Rept. 1901, p. 248, 1902. 

f Port Huron average for 42 years. 

0 Average for 22 years. 


MINNESOTA. 


Few temperatures of flows from wells in Minnesota have been 
reported and the source of the flows is uncertain. The large flow 
from a 467-foot well at Winona is stated to have a temperature of 
54?, which may indicate a rate of increase of 1? in 47 feet if the 
water is from the bottom. This well penetrates sandstones of 
Cambrian age which lie on granite at a depth of about 500 feet. 
The beds are nearly horizontal. The 600-gallon flow from a 707- 
foot well at Henderson, in Sibley County, is stated to have a tem- 
perature of 50°, but doubtless part of the water is from beds some 
distance above the bottom. 

MISSISSIPPI. 
TEMPERATURES. 

Temperatures of several flowing wells in Mississippi have: been 
recorded by G. D. Harris! and others, and as most of the wells flow 
in large volume and appear to be cased to the bottom the tempera- 


tures indicate approximate rates of increase. The Biloxi well, 
with readings at 500 and 900 feet, is of particular interest. 


117, S. Geol. Survey Water-Supply Paper 101, p. 31, 1904. 
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Temperatures in wells in Mississippi. 


Depth 
Mean Db 
Flow egree 
3 See (gale Tem- кош Гіп- 
к epth | lons ега- crease 
Locality. (feet). | per регі TA iteme Remarks. 
min- |(° F.). pea pera- 
ute) (% F) ture 
> (feet 
to 1°) 
Hancock County: Bay St. 
Ренкин ДЕС eee SS ae 700 | Many. 78 а 57.4 66 | Flow. 
Harrison County: 
Biloxi е е ere vin 500 100 79.5 | 068 43 | First flow. 
Rhen eer ys oe 900 | Many. 82.5 68 62 
Pass Christian......-.. ---| 700 50 7i Mice ak рг: Se RES bee mixed flow, 400 and 
00 feet. > 
` Jackson County: Scranton.... 77 25 74 68 129 | “Cased to bottom." 
Lowndes County: Columbus. 400 | Many. 70 d63.4 60 | Sandstone 300 to 325 feet. 
Madison County: Canton..... 1,021 170 T d 64. 7 109 
Warren County: Vicksburge.| 1,100 | Few.| 7 7 64.8 211 | Saline water, Wilcox group. 
Yazoo County: Satartia Un 588 14 70 g 64.8 113 


а Pearlington average for 29 years. 

b Average for 26 years. 

с Biloxi average, 

d Average for 29 years. 

€ U. S. Geol. Survey Prof. Paper 46, pp. 226-227, 1906. 
f Average for 46 years. 

2 Yazoo City average for 23 years. 


SUMMARY. 


The rates of increase deduced in Mississippi show considerable 
variation, but this may be due, in part at least, to lack of informa- 
tion as to source of water, notably in the wells at Canton, Vicksburg, 
and Sartartia. If, as stated, the Scranton well draws from the 
bottom, a low rate is indicated. 


GEOLOGIC RELATIONS. 


The Bay St. Louis, Biloxi, Pass Christian, and Scranton wells 
are in the higher Tertiary strata of the southern part of the State. 
All these strata dip gently to south or west. The Vicksburg, Sar- 
tartia, and Canton wells are deep in the Tertiary. The Columbia 
well is in the Cretaceous. 


MISSOURI. 
TEMPERATURES. 


About 50 well temperatures have been obtained for Missouri, 
some of them taken by Schweitzer! and Shepard,? who were competent 
observers, and others by various persons who may or may not have 
obtained reliable figures. The depth from which the flows may 


1 Schweitzer, Paul, A report on the mineral waters of Missouri: Missouri Geol. Survey, vol. 3, 256 pp., 
map, 33 pls., 1892. 

2 Shepard, E. M., Underground waters of Missouri; their geology and utilization: U. 8. Geol. Survey 
Water-Supply Paper 195, 224 pp., 6 pls., 1907. 
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come is not indicated for some of the wells, and other wells are 
„pumped. Тһе following is a list of the more reliable data: 


Temperatures in wells in Missourt. 


Mean | Tem- 
yom Tents annual ко 
: + air ure 
Location. Depth | lons | pera- | tom. in- Remarks. 


(feet). Dor ETO. pera- | crease 


ture (feet 


шеу (* F.). | to 1°). 

Audrain County: 

Месо Еа теу 1,125 | Мапу. 66 а 53.8 92 Pumped 80 feet. 

DO perianal aes 1,100 | Many. 66 53.8 90 Do. 
Buchanan County: St. Joseph| 1,805 |........ 82 5 52.2 60.5 | Mineral water. 
brewery. 

Camden County: ¢ . 

Gunter Е А АА 780 | Мапу. 59 d 0.0 2-6 Source of water not given. 

Hahatonka..........-..-- 864 | Many. 63 56.6 | 131 Flow from 840 to 864 feet. 


Clay County: с 
Excelsior Springs, 1 mile | 1,460 | Many. 67 e 54 112 Pumped 150 feet. Source of wa- 


north of. ter not given. 
Шоо О 1,327 | Many. | а 64.4 54 127 Pumped 60 feet. 
Dunklin Count mpbellf. 910 7 7 g 60.5 52 Flow from 910 feet. 
Franklin County: Sullivan ¢.| . 1,550 8 63.5 | 255.9 | 204 Six-inch casing to bottom where 
main flow was found. 
Greene County: Springfleld. . PWNS eae 60 454,8 | 138 акны: at “bottom of 
well." j 
Henry County: Clinton k .... 913 400 64 156.6 | 175 “Cased to bottom." m 
Howard County: 
Fayette 61.5 | 053.9 | 113 Saline water from 860 feet. 


Boonslic ns 62 65,015 
Jasper County: Joplin p 65 9 56.2 | 103 Ке to bottom; pumped 1194 
eet. 
Lewis County: 
Canton fi. duca tae to 900 72 60 $52.5} 116 Flow from 870 to 900 feet. 
La Grange........ = 850 60 61 52.5 94 Flow from 800 to 850 feet. 
Dotis Sunt. Файл р. 85028-98. 60 62,6 [челе 
Livingston uM Utica k.. 421| Few. 59 u 52.4 64 Cased 400 feet. 
Marion County: Hannibal k.. 950 208 60 53.1 | 138 Flow is from considerable depth. 
Montgomery County: Mont- 600 40 58 954 150 No data. 
gomery. . 
Pike County: Louisianaw....| 1,275 | Many. | 264.2| 9 53.1 | 115 NS 910 feet. Source of water 
not given. 
Randolph County: 
Moberly......-.- poteet ol 508 100 60 253.5 78 Пр water probably from 
ottom. 
Randolph Springs аа,.... 969 120 | 59 53.5 | 176 Flows; source of water not given. 
Ralls County: Rensselaer 330 7 57 bb 53.1 77 Flows from 390 to 330 feet. 
station, 5 miles south of. 
a Average for 28 years. 
b Oregon average plus 0.5°. 4 3 
c U.S. Geol. Survey Water-Supply Paper 195, р. 156, 1907. Schweitzer, Paul, Missouri Geol. Survey, 


vol. 3, p. 99, 1892. 
d Warsaw average for 13 years. 
€ Liberty average for 27 years. 
f U.S. Geol. Survey Water-Supply Paper 102, p. 392, 1904, 
2 New Madrid average. 
h Oakfield average for 25 years. 
4 Average for 29 years. 
j U.S. Geol. Survey Water-Supply Paper 195, р. 132, 1907. 
k Missouri Geol. Survey, vol. 3, pp. 120-121, 1892, 
1 Warsaw average. 
m U. S. Geol. Survey Water-Supply Paper 195, p. 118, 1907. 
n Missouri Geol. Survey, vol. 3, pp. 141-143, 1892. 
o Average for 31 years. 
p Idem, p. 138. 
4 Mount Vernon average. 
r U.S. Geol. Survey Water-Supply Paper 195, p. 45, 1907. 
s Keokuk average plus 0.1°. 
t U. S. Geol. Survey Water-Supply Paper 195, p. 46, 1907, 
u Kidder average. 
v Fulton average. 
w Missouri Geol. Survey, vol. 3, pp. 94-95, 1892. 
z 63.5? on July 15, 1903 (U. S. Geol. Survey Water-Supply Paper 195, p. 52, 1907). 
y Average for 23 years. 
z Brunswick average for 28 years. 
aa Missouri Geol. Survey, vol. 3, p. 73, 1892. 
bb Hannibal average for 25 years. 
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Temperature in wells in Missouri—Continued. 


Flow Moan Tem- 
gal- | Tem- |&Bnual| pera- 
жар” air ture 

Depth | lons pera iem- in- і Remarks. 


"ШЕ (feet) рег 199 рега- | сгеаѕе 
nate}: CE)! ture (feet 
К (°Е.). | to1?). 


St. Louis County: - 


. Louis: 
Asylum b 55.8 78.1 | Granite, etc., 3,558 to 3,843 feet. 
Beloher еп с... 2, 200 75 73 3.4 455.8 | e85.3 | Water from’ 1,515 feet; much 


| t 3 HS; water-bearing sandstone 
from 1,502 to 1,640 feet. 


DOEN Р 69 5.8 | 102 Water from 1,351 ‘feet. 
Union Powe 1у. 70 55.8 | 103 Water pumped 70 feet. 
North St. Louis. 735 60 62 .8| 118 Water pumped 45 feet. Sonrce 
of water not given. 
Vernon County:9 
Nevada, near.....-------- 800 120 63 h55 100 уш from Dew ben 
o | 869 „ "751 Flow from below 785 feet; pump- 
Nevada.... ( 1,001 {Many. 67 55 723 |а od 78 fect. р 
Rihards. senato. 650 | Few. 62 55 92 | Gassy. 


а Broadhead, С. С. . (8t. Louis Acad. Sci. Trans., vol. 3, p. 216, 1878), who used a Vei thermom 
eter and gave temperatures of 106° at 3,127 feet; 107° at 3, y feet; 106° at 3, 264 feet; ° at 3,473 feet; 105° 
at 3,533 feet; 105° at 3,604 feet; 10439 at 3,641 feet; 1053? at 3,728 feet; and 105° at 3, 5800 feats observed with 
Ет ‘mometer reading Хо one-fifth of 1°, 

b Average for 44 years. 

с Litten, A., Belcher & Bros. artesian well (St. Louis Acad. Sci. Trans., vol. 1, pp. 80-86, 1856-1860). 
Another authority gives 2,199 feet (U. 8. Geol. Survey Water-Supply Paper 195, р. 159, 190 07). 

A d Litten giros 55.22° as deduced from observations by Engleman for 22 years, ‘indicating a gradient of 

° to 83.3 feet, 

e Calculated to a depth of 1,502 feet. 

f Am. Jour. Sci., 2d ser., vol. 15, p. 460, 1853 

g U.S. Geol. Survey W ater- -Supply Paper 195, p. 104, 1907, 

h Average for 22 years. 


SUMMARY. 


The data from the Missouri wells listed above appear to indicate 
considerable diversity in gradient, but doubtless some of this diversity 
is due to error, especially as to source of water. The tests by 
Broadhead and Litten in the deep wells of St. Louis are most valu- 
able, giving mean rates of increase of 1° in about 78 and 85 feet. 
The apparent decrease of 2° from 3,127 to 3,843 feet and some other 
inconsistent variations are difficult to explain. Some of the shal- 
lower wells appear to indicate a diminishing rate toward the surface, 
but uncertainty as to source of flow and influence of pumping may 
affect the observations. The Clinton well, which is said to be cased 
to the bottom, indicates the surprisingly low rate of 1° in 175 feet, 
and the Sullivan well shows a rate of 1° in 153 feet. The rates 
indicated for the Springfield well, 1° in 138 feet; the Canton well, 
1° in 132 feet; the Hahatonka well, 1° in 131 feet; and the Fayette 
well, 1° in 113 feet, are valid if, as is reported, all these wells are 
cased to or nearly to the bottom. The data from Mexico, Excelsior 
Springs, Hannibal, Louisiana, Montgomery, Moberly, and Randolph 
Springs may be defective, The relatively high rates of 1° in 52 feet 
indicated by the Campbell well and 1° in 53 feet by the Utica well 
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are exceptional but almost surely correct. The rate indicated by the 
St. Joseph brewery well, 1° in 604 feet, is also regarded as reliable, 
although the source of the water is not given precisely. 


GEOLOGIC RELATIONS. 


The southeastern third of Missouri consists of a low dome in the 
center of which the pre-Cambrian granites and other rocks are 
exposed in the Iron Mountain region. West of this dome the strata 
dip west, and north of it they slope gently to the north and north- 
west. At Kansas City and northward the pre-Cambrian rocks are 
far below the surface. The wells included in the above list репе- 
trate a great variety of strata, all on the north or west slopes of the 
dome. The 3,843-foot hole at St. Louis is the only one that reached 
the granite, but its water supply is derived from sandstones of 
Ordovician age. The wells at Moberly, Hannibal, Canton, Lagrange, 
Louisiana, Rensselaer, Gunters, Hahatonka, Fayette, Sullivan, 
Montgomery, Springfield, Nevada, and Richards all draw from 
sandstones in the Ordovician or Cambrian. The deep well near 
St. Joseph entered Mississippian limestones at 1,250 feet and pos- 
sibly reached the St. Peter sandstone. The deep borings of Excel- 
sior Springs are believed to draw their mineralized waters from the 
“Jefferson City limestone and base of the Pennsylvanian.”* ‘The 
well at Campbell, in the southeast corner of the State, penetrates 
a thick deposit of clay of the Lagrange formation (Tertiary) and 
draws from the sand of the upper part of the Ripley formation 
(Cretaceous). 'The well at Utica draws water from the base of 
the Cherokee shale (Pennsylvanian). 

There is no evidence that the variations in rate of increase in 
temperature are related to the horizons from which the waters are 
derived, to structural features, or to proximity to the pre-Cambrian 
rocks, with the possible exception of the high rate at the Campbell 
well, which is in the Tertiary and Cretaceous. The St. Joseph and 
Utica wells which show high rates are higher in the Paleozoic succes- 
sion than the wells farther east and south. . 


MONTANA. 


ANACONDA MINE. 


In 1899 H. V. Winchell made a series of observations.in the Ana- 
conda mine, near Butte. He placed Darton thermometers in drill 
holes at various depths and left them for several days. The follow- 
ing results were obtained: 


1 Shepard, Е. М., op. cit., р. 58. 


MONTANA, 59 


Temperature at different depths in the Anaconda mine, near Butte, Mont. 


Depth 
Temper- | 4 i a of 
А emper- | degr 

iem ature | increase 

622 (°Е.). | in tem- 

perature 

(feet).a 
200-foot level 5,877 45.8 53.0 
400-foot level. 5,073 49.5 53.0 
600-foot level 5,471 51.4 63.8 
800-foot level. vet 5,271 69.8 28.8 
1,009-foot 1вуе!........................ - ut 5,081 62.0 50.0 
1,600-foot 1вуеі..-..-.-...----<-----%-<---:-»----....24-------»------------ | 4,477 74.3 49.2 


a Based on mean annual air temperature of 42°, average for 21 years at Butte. 


The reading at a depth of 800 feet is abnormally high, probably 
on account of some local condition. The rates of increase indicated 
between various depths are as follows: 200 to 1,600 feet, 1? in 49.8 
feet; 400 to 1,000 feet, 1? in 48.2 feet; 400 to 1,600 feet, 1? in 48.5 feet; 
600 to 1,600 feet, 1° in 43.6 feet; 1,000 to 1,600 feet, 1? in 48.8 feet. 
S. F. Emmons made an additional observation in the Gagnon mine 
1,550 feet below the surface. The Darton thermometer was placed 
in a 3-foot drill hole and read 79? after 48 hours and 791? after 7 
days. Asthemean annual temperature here is 42? the rate indicated 
isi?in 41.7 feet. "This mine is the nearest one to the latest rhyolite 


eruption. 
MILES CITY. 


The flow from a 456-foot well in Miles City, Custer County, is 
reported ! to have a temperature of 57°. Its volume is 5 gallons a 
minute and its pressure 7 pounds. Flows were also found at 300 
and 390 feet, but presumably they are cased off. The mean annual 
air temperature at this place is 44.1? (average for 39 years), or 12.99 
less than the temperature of the flow, a difference indicating a rate 
of increase of 1? in 35.3 feet. 


LITTLE BITTERROOT VALLEY. 


Meinzer? has given some data on temperature in artesian wells in 
Little Bitterroot Valley. 


1 Nettleton, E. S., Final report on artesian and underflow investigations, pt. 2: 52d Cong., 1st sess., S. 
Ех. Doc. 41, pt. 2. 

2 Meinzer, О. E., Artesian water for irrigation in Little Bitterroot Valley, Mont.: U. S. Geol, Survey. 
Water-Supply Paper 400, pp. 9-37, map, 1916. 
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Temperatures in artesian wells in Little Bitterroot Valley, T. 22 N., R. 23 W., Mont. 


EN AER 
"low egree o 
«Location Depth | (gallons шысы. increase 
А ane . | (feet). per CES in tem- 
minute). 2. perature 
B (feet). a 

207 14 91 5.6 

232 365 714 8.3 

232 400 78 6.7 

244 245 b 120 3.2 

260 85 99 4. Y 

274 25 923 5.6 


а Calculated from average of mean annual air temperature at Plains and Kalispell, 43.4? plus 0.2°. 
о Reported to have been 126° three years before; the volume of flow has also diminished, 

The temperatures of flow from wells 52, 82, and 90 feet deep were 
574°, 53°, and 594°, respectively, and flows from two of the deeper 
wells had low temperatures. Water in a 94-foot dug well at Lone Pine 
post office had a temperature of 523?. The water occurs in a bed of 
sand and gravel underlying a thick mass of silt supposed to have been 
deposited by alake. Meinzer suggests that the variations in tempera- 
ture in these wells, which are all near together, probably indicates 
that the warmer water comes in part from some deeper source. The 
Camas Hot Springs are in the northwest corner of sec. 3, T. 21 N., 


R. 24 W. 
NEBRASKA. 


TEMPERATURES. 


The well temperatures in Nebraska listed below, except the observa- 
tions at Lincoln and Omaha, were obtained by G. E. Condra in a 
reconnaissance of the counties in the northeast corner of the State.' 
These data are not only very important in themselves but they 
extend the area of close observation in eastern South Dakota described 
in subsequent pages. 

"is 


1 Condra, G. E., Geology and water resources of a portion of the Missouri River valley in northeastern 
Nebraska: U. 8. Geol, Survey Water-Supply Paper 215, 1908. 
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Temperatures in wells in Nebraska. 


i Depth 
; ean | per 
dee Tem- |8nnual| degree 
Location Depth | lons | pera- e of Mi ж 
% 5 s, em- | crease Remarks, 
(feet). | per ture > e 5 
min- | (° F.).| pera- |intem- 
ute) ture pera- 
1 (° F.). | ture 
(feet). 
Boyd County: 
Ly nth ie а ш ere eur 797 465 79% 47.9 23.1 | Flow 761 to 797 feet. 
Lynch, new well......... 923 | Many. 90 47.9 20.8 | Third flow from 875 feet. 
Cedar C ounty: 
See. 17, Т. 33, М. 1 W.... 500 | Many. 59 | 246.5 |........ CER probably in part from 400 
eet. 
See, 17, T. 33, N. 1 W. 2... 365 20 591 46.5 28.0 | Flow at 337 feet. 
Вее. 16, T. 33, N. 1 W.... 400 | Many. 59% 46.5 80.8 
Sec. 16, "255 Ni EWES 400 4 60 46.5 29.6 
Бес, 16, T 33, NIW 400 7 581 6.5 83.3 
бес, 9, T. 33, N33: Wie 5. 400 7 584 46.5 33.3 
Sec. 10, "m 33, N.1W.... 400 15 59 46.5 32.0 
See. 12, T} 33, INS Wee 400 7 594 46.5 80.8 
бес. 12, Т 33, Му 5 380 44 00 46.5 28,1 
Sec. 8, T. 33, N. 1 E...... 360 52 594 46.5 27.7 
Sec. 17, T. 33, N.1E лоо ТЕЕ 59 46.5 18.7 
Sec. 16, m; 33, Nol 02206 ) 5 58 46.5 31.2 
Sec. ; 58h | 46.5| 37.8 
Бес. 62 46.5 82,2 
Бес. 60 46.5 25.9 
бес. 68 46.5 82.1 
Бес. 60 46.5 20.7 
Sec. 604 46.5 30.0 
Sec. “61 46.5 84,4 
бес. 005 | 46.5 .......- 
See. 604 46.5 37.8 
Sec. 60 46.5 17.9 
Sec. 60 46.5 29.6 
Бес. 59 46.5 28.8 
Бес. 59 46.5 24.0 
Бес. 60 46.5 29,5 
Бес. 59 46.5 25.6 
Бес. 58 46.5 36.2 
Sec. .32, N. 584 | 46.5| 25.0 
Sec. 13, T. 32, NJ. 2E 59 46.5] 32.0 
Sec. 24, T. 32, N. 2E 59 46.5 24.0 
Sec. 25, T. 32, N. 2E 58 46.5 29.6 
32, N. 62h} 46.5 | 32.5 
бұғы. 61 46.5 27.6 
Ғ.Е. 60% 46.5 28.5 
UST 58k | 46,5|] 25 
ETT 59 46.5 22.4 
57 46.5 34.8 
4 60 46.5 22. 9 
. 58 46.5 20.9 
Я 585 46,5 22. 5 
^ 7 592 | 46.5] 23.8 
В. 50h | 46.5 1........ 
R. 59 46.5 | 27.2 
4 594 | 46.5] 30.8 
m 59 46. 5 24 
48 555 46. 5 36.3 
R.3 55 46. 5 36.5 
R.3 594 46.5 21.2 
Sec. 12, R.3 57 46.5 23. 8 
R.3 59 46. 5 42.4 
© R.3 57% 46.5 22.3 
Бес. 24, T. 32, R. 3 59 40.5 22, 4 
2, R. 3 631 46.5 Са 
2, R. 8 60 46. 5 25, 2 
at County: 
бес. 19, T. 32, R. 4 E 61 b 48.3 23.6 
Sec. 19, T. 32, R. 4 E 61 48.3 23.6 
Sec. 29, T. 32, R. 4 E 61 48.3 22.0 
Sec. 29, T. 32, R. 4 Е 60 4&83| 229 
бес. 28, T. 32, R. 4 E-....| 290|........ 604 48.3 24.1 . 
Бес, 28, T. 32, R. 4A E. Р ТОТ 603 48.3 22.1 
Sec. 28, Т. 32, К. 4 E. ATIS e ew 59 48.3 16.5 
Sec, 34, T. 32, R. 4 E..... 300 T 58 48.3 30. 9 
Sec, 28, T. 32, R. 8 E.....| %65|........ 6l 4&3| 20.9 
Sec. 32, T. 32, В. 5 E..... 265 3 55 48.3 39. 6 
Бес. 32, Т. 32, R. 5 E..... 400 3 54 48.3 70.0 


а Yankton, 5. рак, average for 43 years. 
b Vermilion, & . Dak., average for 16 years. 
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Temperatures in wells in Nebraska—Continued. 


M Depth 
ean | per 
Flow annual | degree 
(gal- Tem- | sir | ofin- 
Location, Depth | dons | pera- | tem- | crease Remarks, 
(feet). | per | ture era- |in tem- 
min- | (° Е.) тч ra- Ч 
ute). сетор 0те 
(°Е.); | ture 
(feet). 
Douglas County: 
Omaha... Many. | 58-62 6 B0 ЕРТЕ Many wells; large flows, 
Do. Many. 58 50 83 
Jefferson. Co Several, 70 | 551.9 27.7 
2 N., R. 2 E. 
Knox County: 
Sec, 18, Т. 33, R. 8W. 770 |Several. 70 | <481 33.8 | Third flow at 740 feet. 
Sec, 29, Яш 31, R.6W. 770 14 744 48.1 29.2 
Niobrar а, mill. н 656 | 1,900 68 48.1 32.9 
Niobrara packing house. . 600 280 66 | c48.1 33.5 1 
Sec, 12, T. 32, В. 6 W..... 548 240 65 48.1 32.4 | Main flow at 520 feet, 
Sec. 13, T. 33, R. 5 W.. c 740 900 64 48114 37. 5 | Water at 600 feet. 
Sec, 16. T. 33, К.З W.... 400 8 62 48.1 8. 
Sec. 15, T. 33, К.З Ww US 400| Few. 61 48.1 : 
Sec. р 3 “2 504 2 63 48.1 ,9 
бее. 43 550 10 634 48. 1 5.7 
бес. .9 650 30 62 48.1 .8 
Sec. .2 400 254 624 48.1 27.8 
Sec. 5 600 | Few 62 48.1 3.2 | Flow probably from near 400 feet, 
Sec. 400 11 62 48.1 28.8 
Sec. 15, T. 33, R. > 403 14 501 48.1 35.4 
Sec. 15, Т, 83, R. 2 W. 425 14 61 48.1 32.9 
Lancaster C ounty: Lincoln. 2,463 | Many. 60.7| €50.1| 757 Main flow from 600 feet. Saline 
Salt Lake. water. Smaller flow from 828 
feet. Test by C. A. Fisher, 
1838. 
! 
а Average for 46 years. а Calculated 1 to 600 feet. 
5 Fairbury average for 21 years. e Average for 33 years. 
с Santee Agency : average, f Calculated to 600 feet. 
SUMMARY. 


The rates of increase indicated at Lincoln and Omaha are moderate 
and apparently are fairly close approximations. The many records 
of flowing wells in the lowlands along Missouri River in Boyd, Cedar, 
Dixon, and Knox counties all show high rates and in general are 
closely accordant. From these records lines in Plate I, showing 
relations to the South Dakota area, have been drawn. Most of the 
records show rates of increase of 1° in 22 to 30 feet, and there is a 
notably warm spot in the area southwest of Vermilion. Possibly 
some higher temperatures in some of the shallower wells are due to 
waters rising from lower beds, and it may be that all the high tem- 
peratures are due to this cause, if this area is a zone of permeable 
strata in which such a rise would be possible. 


GEOLOGIC RELATIONS. 


The many artesian wells in Cedar, Knox, Dixon, and Boyd coun- 
ties draw their water from the Dakota sandstone, which underlies 
shales of Benton age and lies on Paleozoic limestone and possibly in 
part also in pre-Cambrian rocks. The beds are nearly horizontal 
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and apparently have no local disturbances or notable stratigraphic 
differences, so that no suggestions can be offered to account for the 
variations of gradient in relation to the geology. The Omaha wells 
penetrate deeply into Paleozoic limestone that lie nearly horizontal, 
The deep boring at Lincoln passed through very slightly tilted 
Paleozoie limestones and sandstones and reached quartzite that is 
supposed to be of pre-Cambrian age. 


NEVADA. 
COMSTOCK LODE, 


The high temperatures in the deep workings of the Comstock lode 
near Virginia City are well known through the extended investiga- 
tions of О. Е. Becker. The temperature at a depth of 3,100 feet 
was found to be 170?, indicating a rate of increase of 1? in 28 feet, 
and an elaborate series of temperature determinations in drill holes 
at various depths gave an average rate of 1? in 33 feet. The rate 
decreases horizontally away from the lode. It is believed that the 
high rate in the Comstock lode indicates the presence of hot volcanic 
material a few miles underground, and that ascending water is the 
mportant factor in the transportation of the heat. As a large num- 
ber of data are presented, the reader interested in details should 
consult the monograph cited, also a critical review by Locke. 


TONOPAH, 


Leon Dominian made measurements of underground temperatures 
in the Mizpah Extension, Ohio Tonopah, and Montana Tonopah 
shafts at Tonopah.’ These shafts had very limited side workings 
and no complete ventilation. "The thermometers were placed in 
shallow drill holes. The following results were obtained: 


Temperatures (° F.) in mines at Tonopah, Nev. 


Mizpah Ohio | Montana Mizpah Ohio | Montana 
Cent). -| exten- Tono- Tono- (eet), exten- Tono- Tono- 
5 sion. pah. pah. е sion, pah. pah. 


The rate of increase from 100 to 780 feet in the Mizpah extension is 
1? in 51.3 feet; from 100 to 760 feet in the Ohio Tonopah, 1? in 37 
feet; from 317 to 600 feet in the Montana Tonopah 1? in 43.5 feet. 


? Locke, Augustus, The abnormal temperatures on the Comstock lode: Econ. Geology, vol. 7, pp. 583- 
587, 1912, 

3 Spurr, J. E., Geology of the Tonopah mining district, Nev.: U. S. Geol, Survey Prof, Paper 42, рр. 
203-265, 1905. 
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From 400 to 780 feet in the Mizpah it is 1° in 54.3 feet, and from 400 to 
766 feet in the Ohio it is 1° in 26.1 feet. Spurr in comparing the Tono- 
pah and Comstock data points out the fact that the temperature at 
766 feet in the Ohio Tonopah was found in the Comstock at 900 feet, 
and he suggests that the increased rate toward the bottom may be 
due to proximity to а “оса! heat focus, such as a hot spring.” The 
lack of a record of mean annual air temperature at Tonopah makes 
it difficult to compute the gradient. The average given by the 
Weather Bureau for 1916 is 48.9°. The temperature of 60° at a depth 
of 100 feet therefore shows a rapid increase in the upper part of 
the mine. 
NEW JERSEY. 


TEMPERATURES. 


Records- һауе been made of temperatures of flows of some of the 
many artesian wells along the seashore in southern New Jersey. 
The more useful ones are given in the following table: 


Temperature in wells on coast of southern New Jersey. 


Meant Depth 
Total ( ік Tem- | annual ed Ше 
{ 5 gallons | pera- jair {еш- oie 
Location. oy permin-| ture | pera- us Remarks. 
t| ute. |( F.).| ture is 
CF.) ture 
*^*| (feet). 
Asbury Park a 448 20 60 | 551.9 55 
Atlantic City а 813 105 с52.4 59 
Longport;.:.....-.- 803 180 €52.4 59 
Ocean Groye.... л: esas 420 40 60 | 451.9 52 
Water also at 570 and 694 feet; 
pem Запази; M E tm a SE 52.1 51 probably cased off. 
Om Git cent, 5 5 e 52 58 
Wildwood 7......... 655 300 63 | 953.6 69 
рол dee eects 1,244 10 67 | 253.6 h 88 | Small flows at 625, 750, and 843 
feet and salt water at 1,185 feet; 
probably some mixing of 
flows. 


а New Jersey Geol. Survey Ann. Rept. for 1895, pp. 72-74, 1896. 
5 Average for 27 years. 

с Average for 43 years. 

4 Asbury Park average. 

e Asbury Park average plus 0.1°. 

f New Jersey Geol. Survey Ann. Rept. for 1894, pp. 155-170, 1895. 
о Cape May 32-year average minus 0.1°. 

һ Calculated to 1,185 feet. 


All but the deep well at Wildwood are believed to get their flow 
from the bottom, so that they give a reliable indication of the rate 
of increase if the temperatures are correct. 

Water from a 615-foot pumped well at Newark, yielding 50 gallons 
a minute, is reported to have a temperature of 553°, * but the tempera- 
ture may be modified by pumping. Mudge? mentions a 394-foot well 
at New Brunswick in which the rate of increase was found to be 1° in 
72 feet. 


1 Am. Jour. Sci., 3d ser., vol. 30, p. 162, 1885. 
? Kansas Acad. Sci. Trans., 1877-78, p. 50, 1879. 
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SUMMARY. 


The wells on the coast of New Jersey from Asbury Park to Wild- 
wood show rates of increase that seem closely accordant when the 
possible plus and minus is considered. In general there is an increase 
to the south from 1° in 55.3 and 52 feet at Asbury Park and Ocean 
Grove to 1° in 59 feet at Atlantic City and Longport and 1° in 69 feet 
in the 655-foot well at Wildwood. 


GEOLOGIC RELATIONS. 


All these wells draw their water from sands in the Coastal Plain 
sedimentary series,’ which dips gently to the east and lies on a plat- 
form of pre-Cambrian crystalline rocks. The Asbury Park, Ocean 
City, and Sea Girt wells draw from sands in the Miocene. It would 
appear from these facts that there may be a lower rate in the higher 
beds, but the data are not sufficiently numerous or reliable to prove it. 


NEW MEXICO. 


Temperature determinations were made by W. Т. Lee іп Septem- 
ber, 1905, in the well at Sandia siding, on the Atchison, Topeka & 
Santa Fe Railway, 114 miles southwest of Isleta. A deep-well ther- 
mometer was used, with precautions to obtain accurate data. The 
water stood at a depth of 445 feet in the boring, which was 843 feet 
deep and penetrated Cretaceous shale and sandstone, overlain by 
sand of the Tertiary Santa Fe formation at the edge of the sheet of 
recent lava which covers the plateau to the north and east. Тһе 
following results were obtained: 

Temperatures at different depths in well at Sandia siding, N. Mex. 
°F, 


° Р, 
843 feet ....... БЕ IT БЕ E 18:1'|-b49dteot- ДЕ thie soo oce TRE 72.1 
743 feet. --.... Жена ева reece cases 1051 1449. ӨСТІ ТЕС NOE EE se "7137 


043 feot Loa ose tiit Eurum. 75.6 


If 54.5?, the mean annual air temperature at Los Lunas (average 
for 27 years), which is at about the same latitude, although 400 feet 
lower, is taken as a standard, the rates of increase indicated by these 
results are as follows: 


Depth per degree of increase in temperature in well at Sandia siding, N. Mex. 


Feet. Feet. 
Surface to 843 feet .................. 85% | Surface to 443 feet.................. 251 
Surface їо 748 feet .--............... 85 | 443 to 843 1ееві......2.2........... 621 
Surface to 643 feet -.-..-..-......... 305 | 643 to 843 іеві..................... 80 
Surface to 543 іееб.................. 81 | 443 to 643 іеві..................... 51 


The variability, especially in the amount of change from depth to 
depth as taken, may be due to convection, but the rate at the bottom 
is doubtless near the true one. 


1 Darton, N. H., Artesian prospects in the Atlantic Coastal Plain region: U. 8. Geol. Survey Bull. 138, 
pl. 3, 1896. 


137163^—20— Bull 701—5 
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NORTH CAROLINA. 


No significant well temperatures have been reported from North 
Carolina. The water flowing from the 985-foot well at Wilmington 
has a temperature of 70°, or about 7° higher than the mean annual 
air temperature, but the flows mingle from depths of 379, 496, 578, 
608, 734, and 985 feet. 


NORTH DAKOTA. 


Nettleton! has given temperatures of flows of several wells in 
North Dakota. Тһе determinations were probably made with care, 
and as the flows come from the bottoms of the wells and most of 
them are of large volume the data give a close approximation of the 
rate of increase. 


Temperatures in deep wells in North Dakota. 


| 
m M 
ean |per de- 
ЖЕ Tem- E ЕЕ? of 
pera- | airtem-ljincrease 
Depth (feet). ie ture | pera- |intem- Remarks. 
) ше) (° F.). | ture pera- 
QE (*F.).| ture 
(feet). 
Devils Lake - - - [1,431-1,520 82 62 | a36.4 56 
Ellendale - (1, 042-1, 087 700 69 | 540.4 363 
Grafton.. 390 700 46 c37 43 
Hamilton d 1,2423 | Few. 415 | 435.2 199 | Source of flow not given. 
Jamestown. -..|1, 458-1, 476 460 76 c39.6 40 
Qoskeb29 ne сал 25523 937 817 62 e 40.9 444 m wt at 790, 845, and 
870 feet. 
Tower Обу 2.18.2 716 25 57 739.6 41 
Buffalo, 25 miles northwest 600 12 52 39.6 48 
of. 
Buffalo, 6 miles northeast of. 514 25 514 | / 39.6 43 
a Average for 12 years. 4 Pembina average for 37 years. 
b Fullerton average for 19 years plus 0,49, * Average at Forman for 25 years. 
€ Average for 25 years. f Average at Jamestown for 25 years. 


These borings are in Cretaceous shale and obtain water from the 
Dakota sandstone, which lies on or not far above the pre-Cambrian 
basement. The data from the Hamilton well are doubtless inaccurate 
as to the depth from which the water comes, or there is a chilling of 
the small flow near the surface. 


OHIO. 
FINDLAY. 


The most important data on underground temperature in Ohio are 
the measurements in the 2,980-foot hole at Findlay by John Johnson.? 
The hole, which was a test for oil or gas, began in the Niagara lime- 
stone and continued through older Silurian, Ordovician, and Cam- 


1 Nettleton, E. S., Final report on artesian and underflow investigations, pt. 2: 524 Cong., 15% sess., S. 


Ex. Doc. 41, pt. 2, 1892. 
2 Johnson, John, Note on the temperature in the deep boring at Findlay, Ohio: Am. Jour. Sci., 4th ser., 


vol. 36, pp. 131-144, 1913; Econ. Geology, vol. 11, pp. 745-748, 1916. 
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brian shale, limestone, and sandstone to pre-Cambrian granite, which 
was penetrated 210 feet. Тһе strata have a very low dip. Johnson 
used six thermometers, accurately calibrated and sunk in groups of 
three in a special cage to prevent jarring. The principal results were 
as follows (averages): 


Temperatures at different depths in hole at Findlay, Ohio. 


e ES oF, 
кб декет ай мари 5516 [2,650 fest). ПОРО во). Бел 77.9 
4/0 тееб а ыры see НІС 5871 102,800 feet Jt 2t iue. АННЫ 1924 
[163 {веб ЖЛЕ чи E а 0420359, 000 Тее ыл сые оа 82.1 
T9000 feet Porshe. 19 лела у 72.5 


. Some gas coming from beds at a depth of 770 feet probably vitiated 
the readings in that vicinity. Readings after 18 hours continuously 
at 100 feet gave 51.8?, which is 1.4? higher than the mean average 
air temperature from 27 years’ observations by the United States 
Weather Bureau. The figures given by Johnson indicate rates of 
increase as follows: 


Depth per degree of increase in temperature in hole at Findlay, Ohio. 


Feet. Feet. 
100;10:3,000 feet -2- „зш teem see 2 95 | 1,165 to 3,000 іеез................ 121 
550.10:9,000 еей srt eros are ere eer 92 | 1,900 to 3,000 іеві................ 1144 


MISCELLANEOUS WELLS. 


Several other wells in Ohio give the following data as to rate of 
increase: 
Temperatures in wells in Ohio. 


Depth 
Mean 
Tempera-| annual |Per degree 
Location. tent), ture | air tem- RAMS Remarks, 
CF). реге perature 
v dd (feet). 
Cuyahoga County: Cleveland .. 535 54 а 49.3 114 
Franklin County: 
Columbus 22-22-5222: «:2.- b 2,7753 91 c 52.1 71 
Ord E ТР 2, 88 52.1 714 | With Walferdin thermometer 


down 25 hours. 
Hamilton County: 


Cincinnati £.. 1,360 60 
Do 1,475 61 
Do. 1, 960 63 -| No flow. 
Dos. us 2,408 62 | ^ 

Richland County: | | 
3, 020 92.8 7 49.4 694 | Cased to 916 feet. 
PIou ае sapere = 4 2,800 90; ede E S 68 
: ||. 1,400 Та 2 У С 64 | Temperature taken by Dr. К. 
| D. Sykes. 


a Average for 46 years. 

b Geology of Ohio, vol. 1, p. 113; Am, Jour. Sci., 2d ser., vol. 27, p. 276, 1859. 
€ Average for 39 years. 

d Wormley, Т. E., Am. Jour. Sci., 2d ser., vol. 30, p. 306, 1860. 

€ U. 8. Geol. Survey Water-Supply Paper 259, pp. 122-123, 1912. 

f Bucyrus average for 23 years minus 0.3°. 

2 Ohio Geol. Survey Rept., vol. 6, pp. 302-303, 1888. 


1 Record given by Condit, D. D., Deep wells at Findlay, Ohio: Am. Jour. Sci., 4th ser., vol. 36, pp. 
123-130, 1913. 
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The Cleveland well is pumped and the water in whole or part may 
come from higher beds. Temperatures were taken in the bottom 
of the old Columbus well and at 3,020, 2,800, and 1,400 feet in the 
Plymouth well. In the Plymouth well the rate of increase from 
1,400 to 2,800 feet is 1° in 76.2 feet, and from 1,400 to 3,020 feet 1° 
in 70.5 feet. The strata in all these holes are limestones, sandstones, 
and shales dipping at low angles. The Columbus and Plymouth wells 
penetrated to a horizon low in the Ordovician. The Cleveland hole 
was sunk for water in sandstone of Devonian age. 


OKLAHOMA. 
TEMPERATURES. 


A series of careful observations in wells and borings at several 
points in Oklahoma were made in 1906 by E. G. Woodruff, who used 
maximum thermometers lent by the Weather Bureau and lowered 
them to the depths given in the table. The following are the results: 


Temperatures in deep wells in Oklahoma. 


Depth 
Mean 
r degree 
. Tempera-| annual [Per 
Location. рер ture | air tem- алаты Remarks, 
Md (* F.). pee perature 
к” (feet). 
Cleveland County: 
No mangs 244. 222.54. 407 65. 0 60. 5 90% Old well, plugged. 
240 62.5 60. 5 120 Pumping well, 
760 76.0 58.7 44 Gas d 970 feet deep. Salt 
water. 
525 63.0 а 60.4 202 Old hole, full of water. 
2,200 82.0 5 60.3 1014 Boring in progress. 
1,020 84.0 c 60.4 43 Old oil well. 
67.0 60.4] 62 Do. 
500 68.0 4 59.0 555 Old boring. 
1, 650 107 € 59.2 344 
1, 625 107 59. 2 84 ‘Well shot the day before. 
Ralston, 1 mile west of..... 2,850 128 7 59.2 34 In progress. 
Payne County: Yale.......... 2,500 124 59.1 38.5 | Well abandoned. 
Pittsburg County: McAlester, 2 540 73 g 63 54 In coal, diamond drill, stopped 
miles northwest of. 17 hours before test. 
Tulsa County: 
Red Fork, 2 miles north- 705 78 ^ 60.3 40 Abandoned hole full of salt 
east of, sec. 14. water; some gas. 
Red Fork, sec. 15.......... 1,170 98 60.3 81 In shale. Drilling suspended 
only for test. 
‘Wagoner County: Wagoner.... 1,010 78 160.3 57 cue salty flow. Temperature 
‘Washington County: k 
Ваг езуШе............2.. 1,100 86 7 59.2 41 Oil well; some gas. 
Owen, 2 miles northeast of. 1,275 84 k 50 51 эт well; tubing just with 
rawn. . 
Ramona, 5 miles west of... 1, 700 103 59.4 39 Do. 
а Guthrie average for 24 years plus 0,19, g Average for 12 years. 
b Guthrie average. ^ Tulsa average for 13 years. 
€ Average for 18 years. 4 Average for 20 years. 
А 4 Average for 10 years. 2 Pawhuska average plus 0.1°. 
е Average for 14 years. k Pawhuska average minus 0,19, 


7 Stillwater average for 24 years. 1 Pawhuska average plus 0.3°, 
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SUMMARY. 


All the borings tested are in the northeastern part of the State 
except the one at McAlester, which is considerably south of the 
others. The results show a considerable range in the geothermal 
gradient, but exclusive of the pumping well at Norman, the old hole 
at Fallis, and the deep boring at Meridian the rate of increase is 1° in 
34 to 62 feet. The boring at Meridian was in progress and may 
have been chilled by the pumping of cool surface water to remove the 
drillings. АП the conditions in the Fallis well are not known, but 
they appeared to be favorable for a reliable test. For many of the 
localities there is some uncertainty as to the mean annual air tem- 
perature, which had to be approximated from stations at some dis- 
tance. The holes in Pawnee and Tulsa counties and at Yale and 
Ramona, which show rates of 1° in 30 to 40 feet, appear to be con- 
sistent in indicating a high rate of increase for at least a portion’ of 
the central-northeastern part of the State. 


GEOLOGIC RELATIONS. 


The borings all penetrate limestone and shale of Carboniferous age, 
which dip at a low angle to the west and southwest. There are no 
notable local disturbances and no igneous rocks, and the pre-Cam- 
brian rocks lie far below the surface. 


PENNSYLVANIA. 


ANTHRACITE REGION, 


In 1909 to 1911 I made a series of careful determinations of under- 
ground temperatures in the anthracite coal fields. Thermometers 
were sunk in bore holes and in several places buried for a while in 
holes in remote chambers in coal mines. The following results were 
obtained: 


Temperatures in coal mines in anthracite region of Pennsylvania. 


Depth рег 
Mean 
degree of 
Tempera- annual |: 
Location. Depth | "ture | tempera-| increase Remarks. 
(feet). (° Е.) tire in tem- 
"3 (°Е.) perature 
"M (feet). 
Scranton, Pine Brook mine.... 960 59.5 a 49.3 94 | Bore hole 670 feet deep in mine, 
290 feet below surface. Water 
Ad] Boring suspended 18 
ours. 
Throop, 1 mile northeast of.. ... 540 53.5 49.3 129 | Drilling finished 24 hours. 
Storrs mine, gangway, 1.C Big 776 60.0 49.3 724 whe EA feet Де in mine 
bed. 371 feet below ground. 
Sloan mine, lowest Dunmore 580 64.5 49.3 38 en acest in A AA 
bed. ored in coal the day before. 
Woodward mine, gangway No. 1, 200 61.0 b 49.8 107 | 6-foot hole in coal; no ventila- 
5E kn tion 
%, ion. 
South Wilkes-Barre, mine, 9 1,300 64.0 49.8 914 | 6-foot holein coal; some ventila- 
slope, Baltimore bed. tion. 


a Average for 16 years. b Scranton average plus 0.50°. 
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Temperature tn coal mines in the anthracite region of Pennsylvania—Continued. 


т Меап 1 
empera-| annua. 
Location, Hee ture | tempera- 
(eet). | (4%), | ture 
ә ЕЗ 
Dorrance шіпе................. 479 63.5 49.8 
Auchincloss mine, foot of No. 3 1, 283 64.2 a 49.9 
slope, No. 1 shaft. 
Lackawanna & Western Coal 
Co., southwest of Wilkes- 
Barre: 
Bore hole 172 880 56.5 550 
Bore hole........... 843 56.0 50 
Bore hole, Colliery 21. 1,030 61.5 50 
Glen Lyon drill hole nt 1,598 61.5 50 
Pottsville, Pottsville shaft, 2 1,596 61.8 c 48.3 
miles north of. 
Newkirk, 4 mile north of...... 1,090 59.5 48.3 
Minersville, near, Lehigh Val- 6 54.0 48.3 
ey бо 
ааа Fone. Pee eec 630 54.0 48.3 
Mount Carmel, east of......... 1,125 56.3 48.3 
Mount Carmel. ...............- 1,125 56.5 48.3 
Mount Carmel, flowing well.... 1,125 d 54 48.3 
Mount Carmel, 2 miles east of.. 1,300 55.0 48.3 
Lofty, 4 mile east of. .......... 680 451 e 47.0 
East Brookside................ 1,850 60.5 7 49.3 
(Tower Сумка... carpe 415 53.0 49.3 


Depth per 
dept o of 
increase 
in tem- 
perature 

(feet). 


113 


Remarks, 


360-foot hole in old Baltimore 


workings, 119 feet below 


ground. 
Old 115-foot hole from Ross bed 
to Red Ash bed. 


Full of water. 
Do. 


Do. 

Fullof water. "Thermometer 
down on Jan. 12, 1911, for 24 
hours. : Old hole. 

Shatt full of water. 


Old drill hole in coal measures. 

Old borehole with flow of water 
at temperature 51? F. 

Old bore hole containing water. 

Boring in progress; stopped 12 
hours. 

Same hole; another thermome- 
ter. Main flow from 1,125 feet. 
Some at 650 feet (end of cas- 
ing). Air lift to depth of 300 
feet but not working at time 
of test. 

Old hole, 2,060 feet deep but 
blocked at 1,300 feet. 

vt boring blocked at 680 

ее 


feet. 

3-foot hole in coal іп mine 
1,850 feet below ground. 

Oid drill hole, full of water. 


а Scranton average plus 0.60°. 
b Scranton average plus 0.7°. 
c Gordon average for 13 years. 
4 By two thermometers. 


е Approximate altitude із 1,500 feet. 


f Gordon average plus 0.1°. 


Mean annual may be much lower than 47°, 


An 1,800-foot diamond-drill hole bored horizontally in the coal 
measures by the Philadelphia & Reading Coal & Iron Co. in the Huntet 
tunnel, near Ashland, in Schuylkill County, found a 150-gallon flow 
of water with a temperature of 54?, or about 4? above the mean 


annual air temperature. 


A similar hole on Potts Run near Mahanoy 


City, in the same county, found a 200-gallon flow with a temperature 
of 51?, but the depth below the surface is not stated. 

Except those in the holes in coal in the Dorrance and Sloan mines 
the rates of increase are remarkably low. 


ences in the others, however, are not apparent. 


The reasons for the differ- 


In the holes near 


Scranton and Wilkes-Barre the strata are in a wide syncline with 
gentle dips and with a few local crenulations. 
mine the beds are highly tilted and faulted. The test in this mine 
was made in a 115-foot hole in one of the lower chambers, through 


which passes a ventilating current. 
Lehigh & Wilkes-Barre Co. bore holes are in steeply tilted strata. 


In the Auchincloss 


The Glen Lyon hole and the 


PENNSYLVANIA. val 


The Pottsville shaft was an abandoned shaft at a mine that had been 
full of water for several years. This and the remaining observations 
in the table were made in the southern anthracite basin, where the 
strata lie in a deep syncline with rather steep dips on the sides. 


WEST ELIZABETH. 


A well 5,386 feet deep has been put down on Peters Creek about 23 
miles west of West Elizabeth and about 12 miles south-southeast 
of Pittsburgh. The rocks are nearly horizontal and comprise strata 
from those not far below the Pittsburgh coal bed to those near the base 
of the Devonian. Temperatures in this well were taken by William 
Hallock! in 1897, by lowering four thermometers to a depth of 5,000 
feet and leaving them suspended for 16 hours. The reading was 
120.9?, an increase of 68.2? over the mean annual air temperature at 
Pittsburgh for 46 years (52.79), which indicates a rate of 1? to 73.3 
feet. A reading at 2,350 feet gave about 78°, indicating a somewhat 
higher rate, but this observation was not considered satisfactory. 


McDONALD. 


Some preliminary information regarding a 6,975-foot hole 4 miles 
northwest of McDonald, 15 miles southwest of Pittsburgh, has been 
given by I. С. White and C. E. Van Orstrand.? Until recently this 
was the deepest hole in the United States. Precise determinations 
of temperature have been made by С. Е. Van Orstrand, some of 
which are as follows: 


ер, oR, 
100.16е6252225 264558 ema CETT 57 ON ts C00 fects ттнен ЗЕКЕ s АЕ 110. 5 
S50 Тевб255 ess зе sine eee ARA ie R r a ar a сЕ 121. 1 
1100 аі оа 202091 GA 05,600 Тев р aeee oneen e 18979 
97100 осе ООО {Фей ес 8140,0 
ОВОО Тее ЕИ ТЕЕ ЧИНИТИ 52040 AAA A raa a EEEN 
100166 se eN map e ODZ EEA cu э ыа acr Ea 
3,600 feet.. dta e m REAREA E E RT. 144. 9 
4.100:ее%2:25255 295245543521; 2104 4 


The rates of increase indicated by some of these figures are as 
follows: 


Feet per degree Е. Feet per degree F. 
10019 6,770 foetzt. Ise sy. 15. 2: | 9,100 to 6,775 feet. .--.....-.: 727. 63. 8 
100 іо:6,600 ісей.............-.-... 75.8 | 4,100 to 6,775 іееі................. 64.6 
4/00.10.Б,600-:ее222%2%5422 245-222 72, 1<|.5,100 to. 6,775 ееб...........-:-:-. 67.7 
17100-10 6,775 їееб coc cwwsaewesew 55—69. s 


1 Hallock, William, Subterranean temperatures at Wheeling, W. Va., and Pittsburgh, Pa.: School of 
Mines Quart., vol. 18, pp. 151-153, 1897. 

2 White, I. C., Discussion of the records of some very deep wells i in the Appalachian oil fields of 
Pennsylvania, Ohio, and West Virginia; West Virginia: Geol. Survey, Barbour and Upshur counties, рр. 
xxv-Ixv, 5 pls. (incl, maps), 1918. 
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White! has given five readings in this well accredited to Dr. Hal- 


lock: 
Temperatures at different depths in hole near McDonald, Pa. 
ор, Ay 
525 лев ае pe alr Dia sO LO две cree ccr cr aM 
2,202 Тееісітесті 55277522221 64) 15,380 1000252: 25.2.2227 00020 o e 127 
ТЕРЛЕ СЗО А Е 78 


The rate indicated by the temperature at 5,380 feet is 1° in 723 
feet, calculated from the mean annual air temperature at Pittsburgh, 
52.7°; the difference from 525 to 5,380 feet is 1° in about 69 feet. 

Mr. C. E. Van Orstrand? found that the temperature was 142° at a 
depth of 6,100 feet. With a temperature of about 55° at 100 feet 
the rate of increase is 1° in about 70 feet. 


PITTSBURGH. 


An 1,826-foot hole at the American Iron & Steel Works in the 
24th ward in Pittsburgh found a strong flow of water at 1,535 to 
1,606 feet with a temperature of 689,3 which indicates a rate of 1° in 
about 100 feet. The water was somewhat gassy. 


HOMEWOOD. 


In the Dillworth well at Homewood a series of six tests was made 
with the following results: * 


Temperatures in Dillworth well, Homewood, Pa. 


Depth per 
degree of 
Depth Tempera- | increase 
(feet). ture (^F.).| intem- 
perature 
(feet). 
3, 600 96 83 
3, 710 Ej Es ate cle cares 
3, 920 102 79% 
4,002 108 72k 
4,215 111 72 
4,295 114 70 


The tests were of only five to ten minutes duration, but exclusive 
of the reading at 3,710 feet, where the temperature was probably 
lowered by gas, the rate appears to be reasonable. The increasing 
rate downward is a peculiar feature. 


1 White, I. C., Petroleum and natural gas, etc.: West Virginia Geol. Survey Repts., vol. 1A, pp. 104-107, 
1904. 

2 U, 8, Geol. Survey Press Bull. 420, August, 1919. 

3 Pennsylvania Geol. Survey Ann. Rept. for 1886, pt. 2, pp. 733-736, 1887. 
4 British Assoc. Adv. Sci. Rept. 59th meeting, 1889, pp. 39-40. 
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SOUTH CAROLINA. 


TEMPERATURES. 


Among the few records of temperatures of flows from deep wells in 
South Carolina the following appear to be reliable: 


Temperatures in wells in South Carolina. 


аА ee ee eee eee abe NSLS Ss Shae eS ату eU 


Depth 
А Mean | „Рег 
(gallons Tem- |anmual 68180 
Depth |6 oa per- | tem- | Осло 
(feet). | Рег | ature | per- inier 
ute) °Е.). | ature per- 
CF). ature 
(feet). 
aie s Cun қатығы ай Urs Pe шс И 5 ETES СО. Siete жч ted, С 
зари County. 
arleston: 
0. 105 |а99,5 b 65.6 58 | Cased to bottom. 
Моа 167 | 99 65.6 58 Do. 
she 3 695 Шш 65.6 58 Do. 
0.4 452 65. 6 607 Ро. 
Electrie Co c. 425 | 99.75 65.6 | 457% | Cased to 1,869 feet. 
z Old рг! Y b Бо 87 65.6 58% 
"ort Moultrie f.. 308 10| 89 65.6 56 
Гога y 920 150 |g 98 65.6 | A56 Е pem feet. Flow 1,820 
to 1,900 feet. 
Johns Island ............. 500 111250 65 6 114 | Source of flow not given, 
Colleton County: 
Greenpond............... 503 1| 70 164.5 911 Do 
Jaeksonboro............. 420 4| 72 64.5 56 Do. 
Hampton County: Peeples... 850 100 | 76 64.5 74 Do. 


a South Carolina resources, etc., State Board of Agriculture, p. 674, 1883. 

b Average for 46 years. = 

с Stephenson, L. W., A deep well at Charleston, S. C.: U. 8. Geol. Survey Prof. Paper 90, p. 70, 1914, 
emperature by I. ЇЧ. Knapp, engineer. 

4 Calculated to 1,971 feet. 

е Am. Jour. Sci., 2d ser., vol. 47, p. 357, 1869. 

7 U. 8. Geol. Survey Water-Supply Paper 114, p. 151, 1905. 
2 U.S. Geol. Survey Bull. 298, p. 265, 1906. 

^ Calculated to 1,820 feet. 

4 Yemassee average for 23 years. 


D 


SUMMARY. 


As the Charleston wells are cased to or nearly to the bottom, pre- ` 
sumably the others are also. The temperatures are probably reli- 
able, especially those of the Charleston wells. "The new well at the 
electric-light plant is cased to a depth of 1,869 feet, and the flow 
comes from a bed extending from 1,971 to 1,999 feet. "The results 
of the Charleston and Fort Moultrie wells are fairly accordant and 
give an average rate of 1° in about 60 feet. It is possible that the 
lower rates indicated by the wells at Greenpond and Johns Island are 
due to ingress of water above the bottoms of the borings, 


GEOLOGIC RELATIONS. 


These wells all penetrate clays, sands, and gravels of the thick 
wedge of Tertiary and Cretaceous strata constituting the Coastal 
Plain. These strata dip very gently eastward and lie on an eastward 
sloping floor of old crystalline rocks. The Charleston wells reach the 
basal beds of the Black Creek formation, which is low in the Upper 
Cretaceous; the other holes in the list reach sands of Eocene age, 
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SOUTH DAKOTA. 
TEMPERATURES. 


In the course of detailed investigations of the geology and water 
resources of parts of South Dakota I and my associates have observed 
many underground temperatures, mainly of the flow of artesian 
wells. ‘Some. carefully determined temperatures of representative 
wells have been recorded by Sheppard,' and several tests were made 
by Nettleton. Records of wells at Belle Fourche, Cheyenne Agency, 
and Edgemont were obtained from correspondents. A large number 
of data were obtained by J. E. Todd ? in field work for geologic folios 
and reports on the artesian area in Beadle, Brown, Edmunds, Faulk, 
Hand, and Spink counties, in the eastern part of the State. His 
observations were made with instruments that had been verified in 
Washington. No flow was tested unless it was believed to be of 
adit volume to give a closely approximate indication of the tem- 
perature at the bottom. 


Temperatures in wells in South Dakota. 


Depth 
Mean рер 
. Depth Flow degree 
L of main | (gallons | Temper- | annual | ofin- 
ocation. ature | temper- : 
flow per (° Е.) ature | crease in 
(feet). minute). 3. CF ). | temper- 
: ‘ature 
(feet). 
Aurora County: 

Plankineton о 6 а Есон Sep meine 740 225 аб62 | 645.5 44.8 
White: Шәке а чеде» Shae See QR ater 850 150 а 64 b 45.5 45.9 
c 43.3 35.9 
43.3 38.5 
43.3 26.2 
| . 6 е 43 34.4 
! 45 43.3 84.1 
| “5 43.3 33.3 
| 2.5 48.8 32.4 
| 5 43.3 34.4 
| 43.3 27.5 
| 5 43.3 32.5 
| 5 43.3 34.8 
| А .5 43.3 40.3 
| NE. 1 бес. 23, T. 113, R. 63 1€ 43.3 34.8 
| SW. 4 sec. 31, Ti 113, n 62. 4 43.3 38.1 
NE, i sec. 19; T. 113, R. 61 43.3 29.6 
SE, 1 sec. б, T. 113, ir sea eese а .5 43.3 39.3 

Sw. “> sec. 9, T. 113, R. 60... .d 43.3 |* 40 
T 112, Бы 65. aa ae ge Ornate .2 43.3 29,6 

NE. 1 sec. 14, Т. 112, R. 63.. 43 43.3 40 

‚7 43.3 33 


NW. ł sec, 7, T. 112, R. 62 


a Nettleton, observer. 
| 5 Mitchell average for 23 years. 
сей erage from 1882 to 1908. It is 42.1° from 1882 to 1916 or 0,4% colder than Redfield, 35 miles farther 
sou 
4 7. Е. Todd, observer. 
е Redfield average plus 0.12, 


1 Sheppard, 7. Н., South Dakota Agr. College Bull. 41, 35 pp., 1894. 

2 Nettleton, E. S., Artesian and underflow investigations: 52d Cong., 1st sess., S. Ex. Doc. 41, pt.4, 1893, 

3 U. S. Geol. Survey Geol. Atlas, folios 96, 97, 99, 113, 114, 156, 165; Geology and water resources of part 
of the lower James River valley: U. 8. Geol. Survey Water-Supply Paper 90, 47 pp., 23 pls., 1904. 
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Temperatures in wells in South Dakota—Continued. 


Depth 
Mean Der 
Depth low s mariners 1 | degree 
oy ofa | (gallons | Temper- | annual | ‘ofin 
flow „рег (° Е.) ature | Crease in 
(feet) minute). d CF ) temper- 
ds ature 
(feet). 
Seer nid rada е ам ШАД hte lar REB 
Beadle County— Continued. 
SW? квет ве Е cca. 774 40 
Center вес. 13, Т, 112, Б. Зр 225254 
SW. 1 sec. 7, T, 112, R. 61. 4042 226523 
NE. 1 sec. 8, Т. 112, Б.61.............. 764 35 
Hitchcocki Е: SELL 9502 | Een. 
Dotan Бесе р аас, 3 953 1, 260 
Bonhomme County: 
Tyndall 815 700 
Dots 815 700 
Springfield 530-592 3, 290 
Sec. 19, Т. 94, Е. 978 Еее ee 
Sec. 34; T.95, В. 7349 quse e 
Sec, 31, T. 94, R. 645 1L Zee 
Sec. 5, T. 93, R. 58. 66521 месі 
Bec; 1, 12983, БОБО 2225 алыса ОЕР 046. L5 sie 
1,045-1, 139 135 d 69 741 37.8 
Westport. tá ООО 066.21] 041.5 40.5 
Сонитар M 927-964 940 463 ħ 41.6 43.3 
Groton, 4 miles north of..... 1575 840-942 150 463 #42 40.0 
Aberdeen, City well1...... ---|1, 077-1, 100 400 b 66.9 141.9 43.1 
Тосек стен бе АОБ 2: 1,004,018 5 | 5 ес 466 41.9 44.7 
NE. 1 sec. 10, Т. 123 R. 65. a 65 41.9 43.3 
SE. { sec. 10, Р. 123 R. 65.. 264 41.9 45.2 
SE. 1 sec. 12, Т. 123 К. 65. а 65 41.9 42.4 
5 4 sec. 30, а65 41.9 43.3 
ХЕ, 3 sec. 32, T. 123 R. 65, 265.5 41.9 42.2 
NW. 3 sec. 15, T. 123 R. 64... 260 41.9 44,2 
SE. 4 sec. 27, Т, 123 R.60..... a 63 k 41.9 41.4 
Sec. 8, T. 123, В. 60........ d 62 42 48. 6 
SW. 1sec. 11, T. 122 R. 65........... b 06 42 44.8 
South center of sec. 22 b 65 42 46.5 
NW. $ secs 19, T. 122; Ry 6425.00.00... ь 64 42 42.3 
BE. £ sec; 21, Т. 122, R; 63......... 167 42 86 
SE. 1 sec. 30, Т. 121, Б.64......... 175 m42.1 28.7 
БЕ жо 7; ТОЛООГО ЕЕС СОСО 200-640 Leen a 52 42.1 80 
NE, 4 36672; T. 122, R1 61.1. encor а 64 42.1 41.4 
SW. 4 sec. 32, Т,122, R. 60... ........... а67 42.1 42.9 
NE. 3 sec. 27, T. 121, R. 61... ...........- a 67 42.1 40. 7 
NW; 5 вес; 27; T, 125 гв ca а 67 42.1 42 
SW. 3 sec. 38, Т. 121, RK. 61............ "DOR а 68. 5 42.1 36.9 
NW 7560 34, 1/1217 НОСЕ a @ 69+ 42.1 33.8 
Brule County: 
Chamberlain. b 71.6 45 22 
Doras 74 45 27 
Kimball... 988-1, 068 b 66.9 44 43.2 
Chamberlain, 25 miles southeast o b 70 n 45. 5 34.7 
NW. 3 sec. 30, Т. 101, Б.68................... 80 45.5 23.2 
Buffalo County: 
Crow Creek. . 72 45 28.1 
Butte County: 
Belle Fourche. o 54 44 51.5 
Do..... ^ 048 45.5 80. 6 
Огшап......... P94 45.5 28.3 
aJ. E. Todd, observer. 
b J. H. Sheppard, observer. е . 
€ Average for 20 years. 


а E. Б. Nettleton, observer. 

€ Yankton average plus 0,59, 

У Aberdeen average for 27 years minus 0,9%, 
9 Aberdeen average minus 0.4?. 

% Aberdeen average minus 0,32, 

€ Aberdeen average plus 0.1°. 

3 Mean for 27 years. 

k Aberdeen average plus 0.1?. 

? Doubtful. 

m Aberdeen average plus 0,22, 

n epee ated: 
o F, A, Durst, observer, 

? U. S. Geol. Survey Water-Supply Paper 227, p. 77, 1909, 
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Temperatures in wells in South Dakota—Continued. 


Depth 
Mean per 
Depth Flow | Temper- degree 
5 per- | annual У 
T ocation. of main (gallons ature temper- of in- 
flow per (°Е.) ature | CTease in 
(feet). minute). MC (° Е.). | temper- 
T ature 
(feet). 
Charles Mix County: 
Greenwood ол. 28 TONIL S. d. DE S ere 651 3,000 70 48.9 30.9 
Lake jAndbs 5:5. 0 Geet: Se 12— 2 725-773 1,500 70 46 30.2 
о GG EPI USE A "UM 802 Many. 70 46 33.4 
Sec. 17, T. 98, R ii 860 Many. 70 @ 45 34.4 
Sec, 83272900, Ri 66:54. -- 12.2 Ni. £40 20 70 45 33.6 
Custer County: 
Buflalo Gap secede ae ee AT 725 |No flow. b 65% € 45 37 
Davison County: 
Mitchell 256221, 2:082... 1288. 257250848 70 530 600 d 56 645,5 50.5 
Бес. 3, T5101, Һ.62......2- COS 565 60 7.56 g 45.5 54.8 
Sec. 35, Т. 104, R. 60. E 507 40 56 є 45. 5 48.2 
Day County: Andover......... Lose : 1,070 300 71.6 a 42 39.3 
Dewey County: Cheyenne Agency 1,337 500 79 143.8 35.1 
Douglas County: 
pA TIN OUR S isa stadenn Eos Ет. 696-757 1,500 h 68.3 146.4 31.8 
Armour, 8 miles south of...............--..-.. 708-736 |.......... 65 46.4 37.8 
Edmunds County: 
Ipswich ina СОККЫ. eise ИЖ. 1,265 h 71.6 k 42 142.7 
SE. 1 sec. 22, T. 123, R. 68......... Е 1,195 073 42 38.6 
SE. $ sec. 23, Т. 123, Б. 68. .......- ic 1,125 770.5 | m42.2 39. 8 
SE. 3 sec. 8, T. 123, R. 67. ....... de 1,140 f 63 m 492.2 54.8 
NW. 3 sec. 10, T. 123, R. 67.. óc 1,185 7 69 m 42.2 44.2 
SW. 1 sec. 10, T. 123, К. 67... 3 1,115 7 69 т 42,2 41.6 
SW. sec. 11, Т. 123, R. 67... E 1,135 f 68 m 42.2 44. 
NW. 1 sec. 20, Т. 123, R. 67.. 7 69.5 m 42.2 41.8 
SW. 1 sec. 23, T. 123, R. 67.. 7 67 m 42.2 46. 
j NE. 1 sec. 33, Т. 123, R. 67 767 т 42,2 43.5 
Center of sec, 8, Т. 123, В. 7 66 m 42.2 46.2 
| SE. 1 sec. 20, T. 123, R. 66. 769.5| m49.2 38.5 
| NW. 3 ес. 16, Т, 122, R. 67 f65.5| т42.2 48.9 
SE. 3 ес. 26, Т. 122, R. 07. f 65 m42.2 43.4 
| SE. ł sec. 4, T. 122, R. 66.......... f 65.5 m 42. 2 46.8 
SW. tsec. 10, Т. 122, R. 66... 7 65.5 | m42.2 45. 
| NE. 1 sec. 19, Т. 122, В.66......... 7 66.5 m 42.2 44.5 
| NE. 3 sec. 29, Т. 122, В. 66..... f 65 m 42. 2 43.7 
SE. 1 sec. 30, T. 122, В. 66..... f 65.5 m 42.2 45.1 
SE. 3 sec. 32, Т. 122, R. 60. .... f67.5| т42,2 41.9 
SE. 3 sec. 33, Т, 122, К. 66..... f 66 m 42.2 42.9 
SE, 1500, 8, T. 121, R.67.....-.....-- 764 n 42 47.8 
| NW. 3 вес. 32, Т. 121, R. 67 f 66 n 42 46.8 | 
| SE. 2 sec. 26, T. 121, Б.67............. 765 n 42 50. 2 
| SW. 3 sec. 10, T. 121, R. 66 7 65 n 42 43.5 
| SE. 2 вес. 29, T. 121, R. 66... 764.5) n42 44.4 
NE. 1 sec. 32, Т.121, К. 66 Ы а 7 64 n42 44, 
Fall River County: Edgemont. 2, 920-2, 965 0122 p 46 39 
Faulk County: г e 
SE; $ sec. 13, Т. 120, В.,68..22..:............. 1,125 25 7 66 q42.7 48.2 
NE. 2 800210, TNR Өт аа 1,140 Many. f 68 442.1 45 
SE, 1 вес. 21, T. 120, Б.,07:......4. ..2......... 1,040+| Мапу. 767 442.1 42.8 
SWidseenhT.120,R. 675: etait. Woh ЖИЕ 1, 085-1, 120 Мапу. 7 66 9 42.7 46. 5 
не seo. 26, T: 120, R07 ЕЕЕ 1,050 | Many. 769.5] 442.7 39.1 
NW. 2 sec. 24, Т. 120, R. 67 ж 1, 038 35 f 67+ 942.7 42.7 
NW. 1 sec. 6, Т. 120, В. 66 1, 066 100 f 67.5 442.7 42,9 
SW. 1 sec. 2, Т. 120, Б, 66. 2 1,001 65 7 66.3 442.7 42.4 
NE. $ sec. 26, T. 120, Re 66... .........- npnn 965 | Мапу. | 765,51 442.7 42.3 
MN гарра 
b N. Н. Darton, observer, with deep-well thermometer, 


с Oelrichs average for 25 years minus 0,22, 

d E, S. Nettleton, observer. 

€ Average for 23 years. 

f J. E. Todd, observer. 

g Mitchell average plus (,22, 

| h J. H. Sheppard, observer. | 

i Pierre average for 26 years minus 1,7°, 

3 Average for 22 years. 

k Bowdle average for 14 years minus 0.29, 

1 Flow from 1,195 feet, 

7» Bowdle average. 

n Bowdle average minus 0,29 

о Taken by engineer with Darton thermometer; varied from 121? to 122°, 
P Oelrichs average, minus 0.29. — - 
4 Faulkton average for 22 years minus 0,22, 
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Temperatures in wells in South Dakota—Continued. 4 
Depth 
Mean DEL 
Depth НО d morer Mann ШАЙ degree 
Location. of main (gallons ара temper- of in- 
flow per (9 Е.) ature | crease іп 
(feet). minute). v (* E.) temper- 
NS ature 
(feet). 
Faulk County—Continued. 
SW. 1sec. 1, T. 119, Б.67.................... a 69 b 42.8 37.4 
SW. sec. 9, T. 119, R. 67...... b 469.5 b 42.8 39.3 
North center of sec. 15, Т. 119, а 68 42.8 42.1 
SW. 1 вес. 18, Т. 119, R. 67. ат 542,8 44.5 
SW. 1 sec. 17, T. 119, R. 67. a 69 b 42.8 42.7 
SW. 2 sec. 21, T. 119, R. 67......... a 65 b 42.8 47.3 
SW. 1 sec. 24, Т. 119, Б. 67......... a 69+ 542,8 44,3 
SE. 1 sec. 25, T. 119, В. 67......... a 69 b 42.8 39.3 
SW. 1 sec. 25, T. 119, К. 67........... 468 542,8 41 
NW. tscc.30, T. 119 R. 67. -..--..---- a70 b 42.8 36.7 
NE. 1 sec, 31, T. 119, Б.67........... a 0 b 42.8 33.4 
NE. 1 sec. 34, T. 119, R. 67........... а67 542,8 89.2 
SE. { веб, 9, Т. 119, R. 60. ..........- a 66 b 42,8 42.6 
NW. 1 sec. 15, T. 119, R. 66.........- a 66 b42.8 43. 5 
NW. 3 вес. 20, T. 119, К. 66...... em a67 b 42.8 41.4 
SE. i sec. 23, T. 119, R. 66............. a 64 b 42 48.1 
асов СА. Ча ЖС sien УФ қ. с74,5 442,9 82.6 
SE. 1 sec, 24, Т. 118, R. 68. .........- a 69 442.9 40.2 
SE. 1 sec. 18, T. 118, R. 67. .........- a 7l d 42.9 38 
NW. 1 sec. 20, T. 118, Е. 67............ а 66.5 442.9 42.2 
NW. tsec. 28, T. 118, R. 67............ a 69 d 42.9 39.4 
"West center of sec. 22, Т, 118, R. 67. a 69 d 42.9 38.7 
SW. 1 sec. 13, T. 118, Б. 67............. a 69 442,9 38.4 y 
SW. 1 sec. 34, T. 118, R. 67.... 467.8 d 42.9 39.3 
NW. 2 sec, 15, T. 118, R. 66... .....--- a68.5| 4429 40.1 
NW. 1 sec. 25, T. 118, R. 66.. 267.3 442,9 89.8 
SW. 1 sec. 31, Т. 117, T. 68. 268.8 e 43 42,4 
Мігапар UE оодо: sa у. a 68.3 €43 43.3 
Center of ес. 31, Т. 117, R. 67.. 1,010 Мапу. a 69. 6 643 88 
BW: 5 5ес26,:7:117-Е 67202222. 1,095 Мапу. а 68. 8 е 43 42.4 
МЕ; 2 sec. 31, Т. 117, R. 66............. i 1,030 | Many.| 69.6] 43 38.7 
Rockham he ласа 20 o2 duas аа-аа 1,0106 еса а 69. 6 e43 38 
SE, 1 sec, 11, T. 117, Б. 66. ............ 1 913 45 266.7} е43 38.5 
Twin Жее ssi Аа ы 1,085 lac encres a 65.6 e 43 48 
Orientit Ets. а JOE te eec УЕЗІ L 1,215 90 а75 e 43 38 
Gregory County: Fort БалдаП................... 576 600 780 47 17.5 
Hand County: 
Miller d optas anak Se wd AS ers ta 1 eee aa cia е ce 1, 115-1, 139 360 /c79.8-/78 944.0 31.2 
Miller, near..... - 1,105 222222544 a76 944.0 34.6 
19022425 н Ее ага 278.91 044.0 31.5 
002025861. 29427 1,100 200 а 78. 5 9 44.0 31.9 
NE. + sec. 10, Т. 116, Баа гаг а 73 h 43.1 31.8 
NE. 3 sec. 7, T. 115, 1,150 Many. a 74 h 43,1 37.2 
SE. 2 sec. 22, T. 115, 1,065 | Many.| а745| 543.1 33.9 
SE. 1 sec. 12, T. 115, ai h 43.1 34.2 
NE. + sec. 22, Т. 114, a 68.6 143.3 34.4 
NE. 1 sec. 12, Т. 113, 478.9 148.5 29.4 
SE. tsec. 3, Т. 113, В. 271.5 143.8 36. 4 
SE. 1 sec. 18, Т. 113, R. а76,5| 743.8 33.8 
SE. 1 sec. 25, T. 113, К. 478.5 148.8 31.7 | 
NW. + sec. 22, T. 113, R. 273.5 143.8 32.6 | 
NW. 1 вес. 31, T. 113, R. 67. a 78.5 j 43.8 81.7 
БЕ, 1 sec. 3, T. 112, R. 68.. a78.9|  k43.8 31.6 
NW. 1 sec. 5, T. 112, R. 07.. a 76 h 44 36.3 
BE. 1 sec. 4, T. 112, R. 07. a76.6| 44.0 33.1 
NE. 1 sec. 2, T. 112, R. 66. а 75.7 h 44.0 28.4 
Hughes County: бетга 
еее аА рар 1/245 200| «89 т 45.5 27.9 
Bast Pireneos о-в. Yi 900| e918] 455 24.8 
1,435— 
Haroldi ды sus Maswra rire c 1,451 84 € 94.9 45 28.7 
a J. E. Todd, observer. h Howell average for 15 years. 
b Faulkton isum for 22 years minus 0,1°. $ Howell average plus 0.2°. 
c J. H. Sheppard, observer. і Howell average plus 0,42, 
d Average for 22 years. k Howell average plus 0.7°. 
* Faulkton average plus 0.1°. 1 Other flows 1,140 and 1,185 feet; much gas. 
JE. S. Nettleton, observer. m Average for 26 years. 


2 Highmore average for 26 years minus 0.6°, 
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Temperatures in wells in South Dakota—Continued. 


Depth 
Mean pok 
Depth Flow Tem degree 
per-| annual 2 
Location. ofmain | (gallons | “ature | temper- | Ofin- 
қ flow (рег (* F.) ature | crease in 
(feet). minute). eh CF.) temper- 
5 ature 
(feet). 
Hutchinson Countys TODD 22222. а 46 48.5 
| Hyde County: Нірһшоге......................... { 244.6 56 
| Jerauld County:. Alpena City well................ с42.3 22.9 
| Kingsbury County: Iroquois 742.1 29.2 
Lyman County: Kennebec. ..-.- g 45.5 25.8 
Marshall County: ВгіМоп......................:. 141.4 43.2 
Sanborn County: 
Қанас ТАТ СТЕНТТЕУ 744,6 43.1 
| Woonsocket, mill. k 44.4 40 
| 
| Woonsocket, Hines 44.4 34.3 
BE. 1800.38, T; 105, R60. posed cos ean a 3 144.6 31.7 
| Spink County: 
| South center of sec. e Ж n Rg 60:02 cewek m 43.4 44.8 
NE. 1 sec. 7, T. 120, Б.64............ EA 43.4 42.5 
| North center of sec. zs СЯ 120, R. 64. 43.4 43.2 
| Sw. i sec. 30, Т. 120, Raos- easels 43.4 34.1 
| sw. sec. 32, Т. 120, В. 63... ..... 43.4 41.6 
| NW. sec. 33, T. 120, R. 43.4 40.7 
| NW. 1 sec. 27, T. 120, R. 43.4 40.4 
| NW. + sec. 3, X ae R. 63. 43.4 43.9 + 
SE. } sec. 1, T. 120, Е. iO 43.4 39 
| SW. 1 sec. 13, in. ыы . 63. 43.4 38.9 
| Sec. 13) 13120, Ri 622888557 oe Са 43.4 43.7 
| Lo SW. +4 sec. 14, T. 1205200 ЫШ 43.4 38.4 
SE. + sec. 14, тоо R162 21:94 е: 43.4 37.1 
SW. sec. 13, T. 3220, REOL АУТ 43.4 87.1 
| NE. 1 sec. 9, T.i 20; Rs 61252 43.4 86.3 
| SW. 3 бес 15, Ue 43.4 38.1 
| SW. 1 sec. 21, T. 43.4 39.1 
| NE. 1 sec. 23, T. 120, R. 61.... --....-..-- 43.4 39.8 
| NE. + sec. 34, T. 120, Б.61............... 43.4 41.6 
NW. 4 sec. 28, T. 120, В.60.............. 43.4 39 
| NW 2 вөсұ2 T; 1107,152362.:22-008--7--1-2 43.4 40.3 
| SW. 1 sec. 2 T. QM АС 43.4 40.1 
NE. + sec. 15, T. 119; R. 63... ............ 43.4 39.3 
SE. 1 sec. 28, IT^ 110;.4..03 200225522050. 43.4 42.8 
NW. + sec. 32, T. 119, В. Тұ we 29s Liv ae 43.4 46 
вве ато во Е 43.4 40.6 
Melletto E puter сыл sese sentir bebo. 043.4 42.6 
Brownwell.i2 асра 43.4 42.8 
| Bakermwell.2r 251529223. od «M At e айе 43.4 42.6 
| Day well.. 43.4 42.3 
Bird well......... 4 43.4 43 
NE. 1 sec. 31, T. 119, Б. E 43.4 40 
| SE. be 29, Т. 119, R. ВІЗ. 43.4 36.4 
| 65:2 беса Te 1195 Б260222.:-22-.22-2. 2, 43.4 40 
| БҮ. 1 sec. 30, T 118, R. 65. о е АДА 43.4 45.6 
SW. t sec. 18, Te LUSH: 0D. 3 ce eere t eM ee 43.4 39 
BW: ба To 119) НОЗ ООО с 43.4 47.2 
BW. 2800310) T) 115/48 305.05 ИЕ 43.4 43.7 
NE. + sec. 32; T2118, 2647 kes. асасы 43.4 45.7 
SW. sec. 10, Т. 118, Ra 68е 25212207052 43.4 46.8 
SE. 2 sec. 11, T. 118, m. 852 P ЕСЕД". 43.4 43 
| NE. + sec. 20, T. 118; Е or ОА 43.4 48 
Northville sne ЛЖ. ле S ТЫ. 43.4 43.1 
| EN. p soc. DI 118, ЖЗ. ПП 43.4 46.3 
NE. + sec. 30, Т. 118, В. 635; else vL 43.4 88.1 
Center of sec. 2, т. 118, Б.;62 а Тест Еее 43.4 89 
Turton КЫ EE ТАРА a ne eee 43.4 36 
| NW. $5607 15, T. 118, Е. 00... --- «2e tee 43.4] * 38.3 
| NW. + sec. 10, TÅ 118; R. $8: We TUM 43.4 46.7 
| NE. 1 sec. 26, T. LESH 004 аты еб. 43.4 39.2 
| SW. 3 sec. 35, T. 117, R. Wr IDE. 43.4 39.8 
Sw. 1 sec. 20, T. 117, R. 6 Ы 43.4 41 
| NE. 1 sec. 29, т. 117; Б. En d ite d 43.4 40.8 
| 
a Menno average for 26 years minus 0.59, i Aberdeen average minus 0.59. 
b Average for 26 years; flow small. 3 Forestburg average р 0.2°. 
| d Di average plus 0.22, k Forestburg average for 25 years. 
H. Sheppard, observer. 1 Other flows 1,140 and 1,185 feet; much gas. 
ч E. S. Nettleton gives 72.0°. ™ E. average for 22 years. 
| f Huron average. n J. E. Todd, observer. 
| g Average for 16 years. 0 Average for 22 years. 


| ^ E. S. Nettleton, observer. 
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Temperatures in wells in South Dakota—Continued. 


Depth 
i З Mean pen 
та ер ^ Flow, | Temper | annual | Age 
pO flow рег CES pompas creasein 
(feet). minute). 2 (* Е.) temper- 
А ature 
(feet). 
SW. soc. Bi, T) liv, R. 09 ОЖ ЕЕ: 866 45| a66.7| 5242.9 36. 4 
East center ofsec, 7, Т, 117, R. 63..... о 972:1,02045 ы! „| 468,7 42.9 37.3 
NW. 2 sec. 32, T. 117, R: 62........... 810 300| 964.4 42.9 37.7 
SE. sec. 27, T. 117, Ra 1. ..........- 900 110| 62.2 42.9 46.6 
Doland fate cee САС АСА ene 895 370| с69 42,9 34,2 
NW. 1 sec. 33, T. 116, R. 65............. 900 120| 467.2 42.9 37 
SE. tsec. 13, T. 116, R. 05. ....-...--- А а 66. 7 42.9 37.4 
Rediülold.325- I ias... kat bse oer c 70.1 42,9 35.4 
Redfield, south епб...................... 2 70.1 42.9 33.8 
Redflald2:.... гегу: ect Дана dor die c8 271.7 42.9 32.8 
NE. 2 sec. 35, T. 116, Б.64............... a 64.4 42.9 44.1 
NW. 4 sec. 31, T. 116, R: 64.........-.-.-- a 06. 7 42.9 38.3 
SE. 15ec. 9, T. 116, В. 63........... Se a 62. 2 42.9 44.1 
East center of see: 35, Т. 116, R. 63 a 64, 2 42.9 42.3 
East center of sec, 25, T, 116, R. 63 @ 62.2 42.9 45.6 
SW. 1 sec. 4, T. 116, R. 62...... a 64, 5 42.9 40. 5 
South center of sec, 34, T. 116, R. 61. 262. 6 42.9 46.7 
SE, 1 вес: 13, T. 115, R. 64... оаа а644| 443 45 
NW. 1 sec. 9, T. 115, R. 64. О Т Л ОССЕ a65.2| 642.9 41.7 
SW. 2 sec. 10, T. 115, Б.64............... а 65.4 42.9 41.5 
SW, 2 вео. 33, Т. 115, Б.63............... a 65.4 42.9 38.5 
BE; se0..1, T. 115; Ry 63. sce a cos a 69, 2 42.9 51.2 
NW. 2 sec. 29, T. 115, R. 62...........-..- 55 а64,5 42,9 43.3 
NE, 1 see. 22, T. 115, R. 01... ......------ с. 262.5 42,9 45.2 
NE. 2 sec. 23, T. 115, R. 61.. 5 465.3 42.9 39.6 
NW. tsec. 27, Т. 115, R. 61..........-.--- a 56.2 42. 9 33.8 
‘West center of sec. 6, Т. 115, R. 60......... д а66.7 42.9 29.5 
SW. 1 sec. 9, T. 115, Б.60................ д а67.7 42.9 35.7 
ӨК sees, теат Re CO's ata eens ss T a67.0 42. 9 37.3 
Glidden, sec. 32, Т. 114, R. 63... ........-- a 70.1 42.9 35.7 
NE, 4 sec, 29,:T. 114, R. 05. -----------.- 271.5 42.9 36 
NE. 2 soc. 30, T. 114, R. 62... .....------- a. 67.0 42.9 34.8 
SW. 1 sec. 5, T. 114, R. 62.........-...-.- << a64, 5 42,9 38.6 
SWiLseo7 15114 Б. біт ы Ес acess "E 62.2 42.9 40.2 
NN YET 8607 10, Té 1147 ЗОНЕ X a 6. 7 42.9 33.6 
BW; 1800727; T^ 114, R. 61924 --5 scares E a 64.4 42.9 34.6 
NE, 1 sco. 23, T. 114, R. 01... . ......--- a 65. 4 42.9 35.1 
"West center of вес, 28, T, 114, R 465.3 42.9 32.8 
NW. 2 sec, 11, T. 114, В. 60 a 69. 6 42.9 23.1 
SE, 1 sec, 18, T. 114, В. 60. a 63, 7 42.9 33.3 
SE. 2 seo, 17, T. 114, Б.60............ a 67 42.9 35.2 
NE. 1 soc. 23, Т. 114, R. 60. . a67. 5 42.9 33.9 
SW41iso0.27, 77714, БОО ТШ тле н а 62.2 42.9 44 
Todd County: Rosebud Agency, 18 miles north- 
араан а ane 1533 9 46.9 23.5 
Yankton County: ^ 
Yankton 489-595 1,450] 462 340.5 31.5 
Do.. "e 432-455 330| $60 46. 5 32 
По dde Due 610-615 880| 62 46. 5 39.3 
Yankton Asylum..... 600-672 165| i64 46. 5 34.3 
Yankton cement works. . 450-500 1,300 164 46.5 24.3 
Sce. 12, T. 93, R. 56.. 375 8| a60 46. 5 27.8 
See. 11, T. 93, R. 56 380 12| a60 46. 5 28.2 
Sec. 19, T. 93, R. 56.. 400 25| 460 46. 5 29.6 


aJ. E. Todd, observer. 

b Redfield average for 19 years. 

cJ. H. Sheppard, observer, Nettleton gives 64? for flows from both wells. 

d Redfield average plus 0.1°. 

€ Redfield average. 

f Darton thermometer sunk to bottom. 

g Average at Cutmeat for 23 years. ы 5 

ħ 51st Cong., 156 sess., S. Ex. Doo. 222, p. 115, 1890; Artesian and underflow investigation: 52d Cong., 
1st sess., S. Ех. Doc. 41, pt. 2, р. 65, 1892. 

i E. S. Nettleton, observer, 

J Average for 27 years. 
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SUMMARY. 


Of the 281 wells given in the above list all but 8 are in the region 
east of the Missouri. <A large proportion of these are in Beadle, 
Brown, Faulk, Edmunds, Hand, and Spink counties, where many 
are close together. Records from representative wells in Aurora, 
Bon Homme, Buffalo, Charles Mix, Davison, Day, Douglas, Gregory, 
Hughes, Hutchinson, Hyde, Jerauld, Kingsbury, Marshall, Sanborn, 
and Yankton counties indicate the geothermal gradient in an area of 
wide extent. The deep artesian wells at Cheyenne Agency, with a 
rate of increase of 1° in about 35 feet; at the head of Oak Creek, 
northeast of Rosebud, with a rate of 1° in 234 feet; and at Kenne- 
‚Бес, with a rate of 1° in nearly 26 feet, extend the area. The flow 
from the Highmore well is too small to give a reliable indication of 
the temperature of the water at the source of the flow. In Plate I 
are shown the principal data for the eastern part of the State. The 
figures indicate feet to the degree of increase in representative wells. 
The lines connect wells of the same rates for 20, 25, 30, 35, 40, 45, 
and 50 feet to the degree and delimit the zones of intermediate rates. 
They are not isogeotherms, but if the well temperatures were calcu- 
lated to some uniform depth, such as 500 to 1,000 feet, and these 
connected by isogeothermal lines, these lines would be parallel to 
the rate lines on the map. 

In general, it will be seen from Plate I that the rate is nearly 
uniform in groups of wells, but it varies from place to place with 
most remarkable regularity. In the James River valley from Ash- 
ton to Aberdeen it is 1° in 40 to 45 feet. To the west and to the 
south through Redfield and in the east-central part of Beadle County 
it is 1° in less than 35 to 40 feet. At Wolsey and Alpena it is 1° in 
about 23 feet, and at Pierre, Crow Creek, and Chamberlain it is 1° in 
less than 30 feet. This zone of high rates extends down the Missouri 
Valley through Springfield and Yankton counties, S. Dak., and the 
northern part of Boyd, Knox, Cedar, and Dixon counties, Nebr. At 
Fort Randall the rate reaches a maximum of 1° in 174 feet. The 
rate decreases rapidly to the north and east, as shown by scattered 
wells in Brule, Aurora, Davison, Douglas, Hutchinson, Sanborn, and 
Bon Homme counties. The rapid change from Springfield to Tyndall 
and the regular but less rapid diminution from Alpena to Mitchell 
are notable features in the ‘‘cooler” area. 

The records in the western part of the State are diverse. The 
flow from a 515-foot well near Belle Fourche had a temperature of 
54°, indicating a rate of 1° in 514 feet, but a flow at 323 feet gave a 
less rate. The flow from the Orman well, 1,417 feet deep, with a 
temperature of 94°, indicated a rate of 1° in 28.3 feet, and the large 
flow from the 2,985-foot well at Edgemont indicated a rate of 1° in 
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39 feet, or nearly the same as the rate indicated by the record of a 
thermometer I sunk in an old 725-foot hole at Buffalo Gap, 30 miles. 
northeast of Edgemont 


EOLOGIO RELATIONS. 


Except the Edge- 
mont wells, which 
draw from Cambrian 
sandstone, the many 
wells given on the list 
draw from, the Dakota 
and associated sand- 
stones. In the western 
part of the State these 
sandstones overlie 
“Red Beds" and a 
thick succession of 
Paleozoic limestones 
and sandstones, but 
east of the Missouri 
they lie directly on 
pre-Cambrian granite 
or quartzite. They are 
overlain by shale of 
Upper Cretaceous age, 
which is 1,000 feet or 
more thick to the 
north but less to the 
south and along Mis- 
souri River from 
Chamberlain to Yank- 
ton. The strata are 
not flexed and present 
a gentle down slope to 
the west over a wide 
area. The sections in 
figure 3 show the re- ‚_|@ 
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lations. 

On Plate I are shown 

the principal features of configuration of the granite and 

quartzite bedrock floor on which the water-bearing beds lie. 

This floor has been reached by numerous holes, so that its po- 

sition is well known at many localities. А more detailed - 
137163°—20—Bull. 701—6 
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representation of it and the data used in constructing the map are 
sét forth in my report on the geology of South Dakota 


TENNESSEE. 


Only two well temperatures that appear to throw light on the 
geothermal gradient have been reported from Tennessee. One is 
at Covington, where, according to Glenn,? the railroad well, 533 
feet deep, has water within’ 31 feet of the surface, with a temperature 
of 66°. As the mean annual air temperature at this place is 60.19, 
a rate of increase of 1° in 90 feet is indicated. Тһе water is in coarse 
sand under clay in the young deposits of the Mississippi embayment. 


TEXAS. 


TEMPERATURES. 


No special determinations of underground temperature have 
been made in deep holes in Texas, but there are numerous records 
of the temperature of waters from artesian wells. Some of these 
records are reliable, and a few of them indicate the depth from 
which the flow is derived. The data are given in the following 
list. They are derived partly from published reports and partly 
from, replies to circulars. Some late observations have been made 
by Mr. C. E. Van Orstrand, but the results are not yet published. 


Temperatures in deep wells in Texas. 


. А ODER 
ean | per de- 
Depth of VERS Tem- |annual| gree of 
Location main flow | ( pera- | tem- {increase 
б gallons | ture pera- |in tem- Remarks. 
| (feet). Do (°F.). | ture | pera- 
Ы ute). (°F.)s | ture 
(feet). 
Bell County: Temple, 1 1, 850 Many. 91 b 65.8 48% | ** Water from bottom.” 
mile west of.a 
Bexar County: San An- 1,900 500 | 106 468.0 50 | Sulphur water. Small 
tonio, 2 miles south of.c flows at intervals below 
1,535 feet, possibly not 
А cased off. 
Bosque County: Clifton, 3 662 ' 220 84 67.1 39 | Water also at 182 and 610 
miles north of.e feet, probably eased off. 
Brazoria County: Surfside/. (УИ see ras. 14 ace vd nc 


а Hill, R.T., Geography and geology of the Black and Grand prairies, Tex.: U.S. Geol. Survey Twenty- 
first Ann. Rept., pt. 7, pp. 529-530, 1901. 

b Average for 27 years. = 

с Hill, R. T., and Vaughan, T. W., Geology of the Edwards Plateau and Rio Grande Plain adjacent to 
Austin and San Antonio, Tex.: U. 8. Geol. Survey Eighteenth Ann. Rept., pt. 22, pp. 294-297, 1897. 

4 Average for 32 years plus 0.1°. 

e Hill, R. T., op. cit., p. 490. 
senaman N. M., Oil fields of Texas-Louisiana Gulf Coastal Plain: U. S. Geol. Survey Bull. 282, pp. 

2 3. т 
4 Idem, р. 87. 


1 Darton, N. H., U. 8, Geol. Survey Water-Supply Paper 227, pl. 10, рр. 33-40, 1909. 
. 3 Glenn, L, C., Underground waters of Tennessee and Kentucky west of Tennessee River and of adjacent 
area in Illinois: U. 8. Geol. Survey Water-Supply Paper 164, р. 117, 1906. 
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Temperatures in deep wells in Texas—Continued. 


M Drp 
Volume space Nigel els 
Depth of | of flow | Dera. | teme стосе 
Location. main flow | (gallons é б ЫНА Tome Remarks, 
(feet). per min- Cr) , pora d 5 
ute), dios e 
(өле ure 
(feet). 
Burleson County: 
Муегоб ые. 860 30 90 267.9 38 
Bryan, 12 miles from... 835 35 85 267.9 49 
Do 635 22 76 267.9 78 
note ESE AS 5% 550 20 76 а67.9 63 
Whittaker, 3} miles 850 50 77 67.9 88 | Gas escapes also. 
southeast of. b 
Denton County: Dentonc.. 000 Fi tees e 294 72 64.4 70 
El Paso County: Fort Bliss. 403 Many. 76 [462.9 31 | Water rises within 130 feet 
' of surface. 
Falls County: ^ 
Marlin б-чу mede 8,830 150| 147 7 67.2 41% E sand at 3,310 to 3,330 
eet. 
Many other wells in |1, 750-1, 850 150-300 | 103 67.2 50 
county. 
Galveston County: 
Alta Loma, 30 wells- .-. 875-950 810 |75-78 969.4 101 | Water from 740 to 868 feet. 
Fairwood ^............. 575 50 78.5 69.4 63 | Water from 575 feet. 
High Island % 142-203 Many; | 100-8222... 25.2. Strong brine; 7 wells. 
Hitchcock j............ 726 70 77 69.4 89 water sand from 678 to 726 
leet. 
Hitchcock, 14 miles 710 100 77 69.4 93 | 16 pounds; water from 710 
northwest of. feet. 
Hitchcock, near........ 768 45 78 69. 4 89 
Galveston, 28th and 810 125 83 69.4 60 | Water from 810 feet; 
Church streets.k brackish. 
Galveston, 36th and 1,365 243 SON аа. see :-.| Water from 810 (probably) 
Church streets.’ and 1,365 feet. 
Galveston, 10 miles 827 37 80 70+ 83 | Two wells; water from 827 
southwest of. feet. 
Россер УРАЗ Жап. 83 69. 4 58 
Grimes County: Navasota l. 8201-5225 duy 80 т 68.1 70 | Water also at 250 feet, 
probably cased off. 
Hardin County: 
Batson ny zh sen зей» 1, 200 Мапу.| 125 0 69.1 214 | Ой Pur pos water from 
1,200 feet. 
Batson, Higgins No. 4.. 1,159 Many. | 101 69.1 34 | Water 970-985 feet. Salt 
ater from sands 1,080 to 
ji ,130 feet. 
ырш: 3 miles west 958 ee Мз 100+ 69.1 30 | From 938 to 950 feet. 
of. Р 
Sourlake naipes s dsni aa 880+| Мапу.| 100 69.1 274 | Flow from 850 to 880 feet 
in a well drilling for oil. 
Sourlake ..-..-------.-- 9802) Pos ee 101 69.1 81 | Saline flow at 985 feet from 
Harris County: є а well drilling for oil. 
Cedar Bayoug....- le 727 5 76 т 68.9 101 
Cedar Bayou, 3 miles 410 30 76 68.9 86 
northwest of. 
Cedar Bayou........... 548 14 73 68.9 128 Hed at 525 feet; also at 
320 feet. 
deutet 1 mile east 640 Flow. 72 88,9 |37 Flow from? 
of. 
Houston, Commerce 900 25| s82 68.9 69 | Water also at about 480 
and Fannin streets. feet. Pumped. 
Houston, Y. M. C. A... 500 200 75 68.9 82 | Water about 500 feet. 
Pumped. 


a Average at College Station for 27 years. 

д ^ eee U., Underground waters of Coastal Plain of Texas: U. S. Geol. Survey Water-Supply Paper- 
. 60, 1907. 

e Firty-árst Cong., 1st sess., S. Ex. Doc. 222, p. 264, 1890. 

d E] Paso average for 29 years. 

e Hill, R. T., iM cit., p. 645. 

f Mean annual temperature of Waco for 28 years plus 0.1°. 

2 Galveston average for 46 years. 

h Texas Geol. Survey Fourth Rept., p. 101, 1892. 

4 Deussen, Alexander, Geology and underground waters of the southeastern part of the Texas Coastal 
Plain: О. 8. Geol. Survey Water-Supply Paper 335, рр. 139-141, 1914. 

j See Saint J. A., Report on artesian wells of Gulf coastal slope, р. 102, Austin, June, 1893. 

% Deussen, lexander, op. Cit., pp. 157, 160, 164. 

1 Fifty-first Cong., 156 sess., 8. Ех. Doc. 222, p. 341, 1890. 

m College Station average plus 0.2°. à 

ae N. M., Oil fields of Texas-Louisiana Gulf Coastal Plain: U. 8, Geol. Survey Bull. 282, 

.49, 56, 1906. 
e Beaumont average for 16 years. —— т t 

» Hayes, C. W., and Kennedy, William, Oil fields of Texas-Louisiana Gulf Coastal Plain: U. S. Geol. 
Survey Bull. 212, pp. 59-60, 1903. Also in Fenneman, N. M., op. cit., p. 47. 

4 Average for 16 years. 

r Houston average for 27 years. 

s U, 6. Geol. Survey Water-Supply Paper 335, р. 230, 1914. 
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Temperatures in deep wells in Texas—Continued. 


Location. 


Depth of 
main flow 
(feet). 


Hays County: San Marcos . 


Jefferson County: 
Beaumont, 1 mile west 


of. 
Port Arthuria ЗИ. 


La Salle County: Cotulla с. 
Matagorda County: Big 
Hill і 


McLennan County: 
Bruceyillos. 2. 0$... 


China Springs, 12 miles 
northwest of Waco. 


Hermosa, near Waco... 


MoGregorg............. 


MeGregor........ d 
Waco: 
5 miles west of. 
Moore's well ћ . 


1,490 


1,034 

1, 400+ 

1,008 
722 


1, 505 
1,380 


1,730 
1,030 
991 


1,470 
1,852 


11 wells of Water |1, 828-1, 860 
Со.% 


Nacogdoches County: Na- 
cogdoches. % 
Navarro County: 

Corsicana No. 1. 

Corsicana No. 2. 


Gorsicana No. 3.. 
Tarrant County: 
Fort Worth........:... 


Marine, 3 mile northeast, 
Travis County: 
Austin Natatorium т... 


Manoti а... 


Waller County: Hempstead 

Williamson County: 
Roundrock. 

Zavalla County: Carrizo 
Springs, 22 miles north. 


910 


Volume 
of flow 
(gallons 
per min- 
ute). 


100 


700 


100 
Мапу. 


Several. 


Depth 
Mean | per de- 
Tem- | annual | gree of 
pera- | tem- |increase 
ture | pera- |in tem- 
CF.) ture pera- 
(°F.). | ture 
(feet). 
73 67.5 271 
a4 569.1 204 
a 80 69.1 128+ 
86 8471 67 
99.6 | е70 234 
95 f 67.1 56 
102 67.1 37 
103 67.1 48 
82 67.1 69 
82 67.1 664 
90 67.1 64 
103 67.1 513 
103 67.1 51 
97 67.1 534 
100 67.1 55 
1023 67.1 51 
103 67.1 52 
103 67.1 494 
1033 67.1 51 
k 74 165.4 393 
126 m 66 41 
126 66 40 
126 66 414 
0126 |265 184 
78 65 74 
100 867.4] 451 
93 67.4] 048) 
80 w 68.6 97% 
95 267.4 51 
y 90 272 40 


Remarks. 


Small flow at 1,345 feet, 
probably cased oft. 


Flow from 1,000 feet; 
higher flows may mingle. 

Flows mineral water. 
Source not known. 

Flow supposed to be from 


1,008 feet. 
Flow from 700-730 feet. 


Water at 500 feet probably 
cased off. 

Flows at 500, 600, 800, and 
1,100 feet, probably cased 


off. 
Flows at 670 and 1,400 feet. 
(Hill 


2) 
Water also at 502 feet. 
(Hill.) 


Cased to 735 feet. . 
First water at 1,000 feet. 
(Hill.) 
Flows at 700-800 and 1,100 
feet also. 
Do. 
Do. 
Do. 
Flow from 1,800 to 1,815 
fect. ЕШ.) 


Sandstone, 1,760-1,861 feet. 
(Hill) J 
Flow from 340-500 feet. 


Flow at bottom. 
Water sand, 2,400 to 2,460 
feet.n 


Cased to main flow at 1,127 
eet. 
Water from 960-1,000 feet.q 


Cased to 1,100 feet, Small 
flow at 1,215 feet; not 
cased ой. Mainflow 1,875 
feet from sandstone (1,675 
to 1,875 feet). 

Water-bearing rock 1,250 to 
1,400 feet. 

Flow from 1,110 feet. 

Pumped, 


Cased 720 feet to main flow. 


а U. 8. Geol. Survey Water-Supply Paper 335, 


р. 265, 1914. 
b Жуегәке for 16 years. 
€ Rept. 


pecial Comm. on Irrigation and Recla- 


mation of Arid Lands, U. S. Senate, vol. 4, p. 62, 1890. 
а Eagle Pass average for 40 years. 
е Galveston average plus 0.6°. 
f Waco average for 28 years. 


9 Rossler, A. 


-, Report on preliminary investi- 


gation to determine proper location of artesian wells 
within the area of the 97th meridian and east of the 


k Average for 28 years. 
1 Average for 18 years. 


m Hill, R. T., op. cit. 
^ Hill, R. T., op. cit., 
o Idem, p. 576. 


, p. 311. 
p. 641. 


p Average for 22 years. 
q Hill, R. T., op. Sieni 577. 


r U. S. Geol. Survey 
2, р. 284. 
в Average for 61 years. 


ighteenth Ann, Rept., pt. 


1 Calculated to 1,675 feet. 

u U. S. Geol. Survey Eighteenth Ann. Rept., pt. 
2, pp. 284-286, 1898; Twenty-first Ann. Rept., pt. 7, 
pp. 511-514, 1901; Water-Supply Paper 335, p. 355, 


1914. 
v Calculated to 1,250 feet. 
w Houston average minus 0,3°. 


z Austin average. 
y Eagle Pass average 
z U, 5. Geol. Survey 


lus 0.1°, 
ull. 298, p. 286, 1906. 
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SUMMARY. , 
It is difficult to judge the relative values of the Texas temperature 
records. Some may not be correct, and others may not represent 
the temperature at the depth stated owing to the mingling of flows. 
The flow from the deep well at Marlin is supposed to come from a 
depth of 3,350 feet, and if so it indicates a rate of 1° in 42 feet. The 
several wells at Waco, not far southeast of Marlin, give rates of 1° 
in 493 to 53 feet. Other wells in the same county (McLennan) 
indicate 1° in 48, 64, 664, 69, and 56 feet, but the apparent lower 
rate is possibly due to the ingress of higher waters. The warm flow 
from a depth of 1,380 feet at China Springs, 12 miles northwest of 
Waco, indicates the exceptionally high rate of 1° in nearly 37 feet. 
A similar rate is indicated by the Clifton well in Bosque County, 
about 25 miles northwest of China Springs. The three deep wells 
at Corsicana, still farther north, give a rate of 1° in 40 to 414 feet. 
Fort Worth has a rate of 1? in 185 feet if all the flow is derived from 
a depth of 1,127 feet, as stated. The rate at Nacogdoches may be 
as high as 1? in 391 feet if the flow comes from a depth of 340 feet. 
The Austin wells indicate rates of 1? in 483 and 51 feet, but the true 
rate here may be considerably less if the flow is from a deeper source 
than the depth used in the calculations. 'The Round Rock figure is 
uncertain, but the rates for Hempstead and Navasota appear to be 
valid. The data for Harris County, Port Arthur, and Beaumont are 
not satisfactory, and the wells 2 miles south of San Antonio and at 
Cotulla and Temple may not give reliable data. The temperature 
given for the San Marcos well is doubtless unreliable. "The five wells 
in Hardin County appear to have rates of 1? in 214, 271, 30, 31, and 
34 feet, without likelihood of much error. The Big Hill 722-foot 
well has a similar rate, and the High Island well evidently indicates 
a steep rate. The rate indicated by the Galveston County wells 
varies, but the figures 60 and 63 feet to the degree appear the most 
accurate, there being uncertainty as to the source of the water in: 
the others. As the water at Fort Bliss is pumped the temperature 
given may not be as high as that in the bottom of the well, but the 
figure given (76°) indicates that the rate is 1? in at least 31 feet. 


GEOLOGIC RELATIONS. 


The wells in the above list penetrate a great variety of formations, 
which are mostly, however, of Cretaceous and Tertiary age. In 
most parts of the area the shales are tilted at low angles and in 
places traversed by faults. No igneous rocks are reported near any 
of the wells listed, and the granites or other old bedrocks are far 
beneath the surface. The wells in the southeastern part of the 
State and along the coast draw from sands of Tertiary age. In the 
oil fields of Hardin County there are sharp local uplifts or domes. 
The Nacogdoches well draws from lower beds in the Eocene. 
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The group of wells extending from north to south across the center 
of the State draw their waters from sands in the Trinity group, which 
is low in the Cretaceous. The deep boring at Fort Worth passed 
through the base of these sands and penetrated the Paleozoic rocks 
for more than 2,000 feet. At Marlin, in Falls County, where the 
lowest sand lies deep, it was necessary to sink 3,330 feet to reach it. 
The Corsicana wells draw from the Woodbine sand, in the Upper 
Cretaceous, considerably above the highest beds of the Trinity. 
The 1,900-foot well 2 miles south of San Antonio is believed to have 
not quite reached the base of the Edwards limestone. The San 
Marcos and San Antonio wells are situated near a great fault. The 
Fort Bliss well draws from the Quaternary valley fill. 
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UTAH. 


A few well temperatures in the Milford-Beaver region, in south- 
western Utah, have been reported by Lee. 


Temperatures in wells in Utah. 


Depth per 
n | ips degree of 
; Dept allons increase 
Location. (foot). Е ows ркі qae Remarks, 
minute). "^ | perature 
(feet). 


3 4 
Sec. 28, T. 29 8., R. 7 W......- 213 10029 23:52. 54 36? | Pumped. 
Sec. 36, T. 20 8., R. 8 W....... 314 7 74 12 | Flows at 200 and 314 feet. 
Sec, 28, T. 29 8., R. 8 W 885.320. А 53 77? 
Sec. 5, T. 288., R. 10 W.. E 286 8 71 2 
Greenville School EM 244 11 68 12 | Flows also at 180 feet. 
ебін VE 1,9081 E Нона 5025. Hot water 1,205 feet and below. 


Reached granite, 


aCalculated from Milford mean for 1916, 48.2°. Water in wells 60 to 66 feet deep is stated to have a tem- 
perature of 51° to 55°. 

The waters are decidedly thermal considering the slight depths 
of the wells. Тһе cause of the heat is not apparent. Probably the 
two wells in the list showing temperatures of 53° and 54° are cooled 
by pumping or by the ingress of shallow water. 

All these wells are in the Quaternary clay, sand, and gravel deposits 
of the Lake Bonneville basin. The boring at Neels reached granite. 


1 Hill, В. T., and Vaughan, T. W., Geology of the Edwards Plateau and Rio Grande Plain: U. S, Geol. 


Survey Eighteenth Ann, Rept., pt. 2, p. 295, 1898. 
2 Lee, W. T., Water resources of Beaver Valley, Utah: U. S. Geol. Survey Water-Supply Paper 217, 


рр. 24-33, 1908. 


GEOTHERMAL DATA OF THE UNITED STATES. 87 


VIRGINIA. 
RICHMOND COAL FIELD. 


In 1836 to 1842 Rogers: determined temperatures in the coal 
mines in the Newark group west of Richmond, Va., the results of 
which he discussed at considerable length. The coal measures 
consist mostly of sandstone lying in a basin underlain by granitic 
rocks; the coal is in the basal beds. The strata have steep dips 
and are greatly broken, and owing to this condition a large amount 
of water penetrates into the mines. The following results were 


obtained: 
Temperatures in coal mines near Midlothian, Va. 


Depth 
per de- 
Depth Бары gree ofin-| 
Location. (lost) ture | crease in Remarks. 
3 (°F.). |tempera- 
ture 
(feet).a 
‘Greenhole ри аа лел aap seek 100 ОЗ ОЈ ам) Іп pool of water іп bottom. 
Mills & Reed’s pit.. ж 818 БӨ. БТ In large flow of waterfrom galleries. 
a а ixi 875 61.0 125 Do. 
edn жае р сеч 420 63.0 84 Do. 
Black] Heth engine pit.. 412 63.0 83 | Pool of water in gallery not work- 
ing, also in floor. 
Wills & DINI Dil 386 62.0 f 96 | Poolin bottom main shaft. 
Black Heth pit........... e 570 65.5 76 | Poolin lowest level. 
Black Heth new shaft.. .............. 380 ВІ Бы nas kee een Crevicein rock in bottom cooled 
by drippings from above. 
“лаш: 1842 вА: 330 |+ 61.75 88 | Spring in wall. 
Ее а see tie d 600 66.25 74 | Small streams at bottom some 
distance above coal. 
Midlothian 1839 shaft................. 780 68. 75 72 | Water mixed with some drippings 
from higher up. 


a Calculated from mean EN air temperature at Richmond, 58.5? (37-year average to 1916) minus 
0.5? for differencein the altitude and iatitude. Rogers used 56.75°. 


The first observation was made in a mine in operation and the 
last four in shafts just completed or in progress. Exclusive of the 
three first and one in the new Black Heth shaft, the average rate 
indicated by the others is 1° in 82 feet. 

The figures indicate a less rate in the old workings than in the 
new shafts, a difference which may be due to the cooling by seepage 
‘and ventilation. Rogers made the following comments on the 


results: 


Comparing the three last observations, the two former of which were made in the 
same shaft and the, last in one only a few hundred feet removed, there is ground 
for inferring that the rate at which the temperature increases grows less as the depth 
augments. In descending from 330 feet to 600—that is, through 270 feet—the rise 
of temperature is 4.5°; while in descending from 600 to 780, or through 280 feet, the 
riseisonly 2.5°. Thisdifference would, I think, have been less could I have obtained 
the temperature at 780 feet free from the cooling influence of the copious drippings 
from above. Yet even with the most liberal allowance, there would still remain 
evidence of a diminishing rate of increase with the depth. 


1 Rogers, W. B., Observations of subterranean temperature in the coal mines of »astern Virginia: Assoc. 
Aia. Geologists and Naturalists Trans., 1840-1842, pp. 532-538, 1843; Reprint of annual reports and other 
papers on the geology of the Virginias, pp. 507-574, New York, 1884. 
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Rogers considered the observations at 330 and 600 feet in the 
Midlothian shaft the most reliable, and these give a rate of 1° in 88 
and 74 feet, respectively; the difference between them is 1° in 60 
feet. The rate for the 780-foot reading (1° in 72 feet) is accordant, 
although, as suggested by Rogers, the water may be cooled slightly 
by drippings from above. 


FORT MONROE. | 


Іп 1902 a 2,130-foot boring was made at Fort Monroe, and Capt. 
C. P. Townsley kindly lowered a Darton thermometer in it. After 
two hours the instrument recorded 92.5°. As the mean annual air 
temperature at Newport News is about 59.4°, a rate of 1° in 64 feet 
is indicated. The boring passed through Tertiary and Cretaceous 
formations of the Coastal Plain to the basement of pre-Cambrian 
granite. The hole was full of salty water. 


REEDVILLE. 


At Reedville, in Northumberland County, the 85-gellon flow 
from a 680-foot well is reported to have a temperature of 78°. Ав 
calculated from the mean annual air temperature at Warsaw, 56.4°, 
a rate of 1? in 314 feet is indieated. 


WASHINGTON. 
YAKIMA ARTESIAN BASIN. 


There are numerous flowing wells in the vicinity of Yakima which 
afford data as to underground temperature. In most of them, 
however, several flows are intermixed, so that the observations 
do not indicate the temperature at any definite depth. There 
are three wells which reach the upper flow only and three others 
in which the casing is so set that only one flow can enter. They 
are in an area about 1j miles long and within 120 feet elevation. 
The data for these six wells, as given by Geo. Otis Smith, are as 
follows: 


Temperature at different depths in six wells in Yakima artesian basin, Wash 


Fi (gal- ерш ev] 

Depth of WAS Tempera- уы че 
flow (feet). mune ture (° F.). ye 
ture (feet)).a 

515 Many. 10.7 25.0 

637 120 49,2 28.9 

835 73.2 36.1 

625 Many, 73.2 27.0 

752 300 72,2 34.0 

820 360 72.7 86.2 


а Calculated on basis of mean annual air temperature of 50.19, mean of 17 years given by United States 
Weather Bureau. 


1 8mith, G. O., Geology and water resources of a portion of Yakima County, Wash.: U. S. Geol. Survey 
"Water-Supply Paper 55, pp. 49-62, 1901. 
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It was noted by Smith that the rate of increase is highest in the 
shallower wells. 

Waring 1 has reported that a large flow from a well on the Yakima 
Indian Reservation, in sec. 34, T. 11 N., R. 18 E., has a temperature 
of 68°. Тһе main flow is from a depth of 507—512 feet, possibly with 
a small admixture of water from 492 feet. The rate indicated by 
this observation is 1? in about 28 feet. 

Russell ? has given temperatures of flows from several wells in the 
Yakima Valley, but the flows are small and the source of the water 
is not definitely located. One of these wells, in sec. 31, T. 13 N., 
R. 20 E., has a 2-gallon flow with a temperature of 73? from a depth 
of 886 feet; another, in sec. 3, T. 12 N., R. 20 E., only 314 feet deep, 
has a flow with a temperature of 75°. 


WALLA WALLA. 


Іп 1909 I noted the temperature of the large flows from several 
wells on the Blalock ranch west of Walla Walla. The flow from 
one well, 611 feet deep, had a temperature of 66.5°; that from another 
of similar depth, 67.25°; and that from a 563-foot well, 67°. It is 
stated that the casings extend to a depth of 540 feet to a 20-foot sheet 
of basalt under which is the water-bearing sand. As the mean 
annual air temperature of Walla Walla is 53.4° (23-year average) 
a rate of 1° in 41.4 feet is indicated, if the flow comes from a depth 
of 563 feet. | 

WHITMAN COUNTY. 


It is reported that the flow from a 110-foot well at Pullman has a 
temperature of 60°, and that from a 176-foot well at Tekoa a tempera- 
ture of 76°, but these figures may not be reliable. As the mean 
annual air temperature at Colfax is 47.8° and at Rosalia 46.5°, they 
indicate a very high rate. Doubtless heat from old lava flows is 
the cause. 


WEST VIRGINIA. 
There are many deep borings in West Virginia, and temperatures 


in a number of them have been determined by the late William Hal- 
lock,’ by Johnson and Adams,‘ and by Van Orstrand.5 


1U. Б. Geol. Survey Water-Supply Paper 316, р. 31-32, 1913. 

2 U. Б. Geol. Survey Bull, 108, pp. 56-59, 1893. 

з Hallock, William, Т), S. Geol. Survey Thirteenth Ann. Rept., pt. 1, pp. 95-96, 1892; U. S. Geol. Survey 
Fourteenth Ann, Rept., pt. 1, pp. 159-160, 1893; Preliminary report of observations at the deep well, 
Wheeling, W. Va.: Am, Jour, Sci., 3d ser., vol. 43, pp. 234-236, 1892; Notes on further observations of tem- 
peratures in the deep well at Wheeling, W. Va.: Am. Assoc. Adv. Sci. Proc., vol. 40, p. 258, 1891; Subter- 
ranean temperatures at Wheeling, W. Va., and Pittsburgh, Pa.: School of Mines Quart., vol. 18, pp. 
148-153, 1897; British Assoc, Adv. Sci., Rept., 62d meeting, pp. 129-131, 1910. 

4 Johnson, John, and Adams, L. H., On the measurement of temperatures in bore holes: Econ. Geology, 
vol. 11, pp. 741-762, 1916. 

5 U. 8. Geol. Survey Press Bulletin 420, 1919. White, I. C., Discussion of the records of some very deep 
wells in the Appalachian oil fields of Pennsylvania and West Virginia, with temperature measurements 
by C. E. Van Orstrand [Morgantown, W. Va., 1918 
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WHEELING. 


The well tested by Hallock was on Boggs Run, 4 miles southeast | 


of Wheeling. It was 4,771 feet deep, and although water was found 
at moderate depths it was cased off by 1,570 feet of 44-inch casing, 
so that the hole was dry when finished. The strata penetrated are 
nearly horizontal and begin high in the Carboniferous coal measures. 
Ordinary United States Signal Service self-registering thermome- 
ters were used. The following figures were obtained. Observations 
made two years later in water gave very closely accordant results. 
(See below.) 


ор, oF, Fs 
1,350 feet- ........ 68. 75 | 2,625 feet. ........ 82. 20- | 3,625 feet. .......- 96. 10 
1.592 tee setae sate = 70. 25 | 2,740 feet. ....- te.. 88.65 | 3,730 feet. ........ 97. 55 
1,745 feet. <2. i225 71. 70 | 2,875 іеві......... 85. 45 | 3,875 feet. .......- 100. 05 
1,835 feet. ........ 72.80 | 2,990 feet. . .'...... 86. 60 | 3,980 feet. ........ 101. 75 
2,125 feet. ........ 76. 25 | 3,125 feet. ........ 88. 40 | 4,125 feet. . .....-. 104. 10 
2,236 feet. ........ 77.40 | 3,232 feet. ........ 89. 75 | 4,200 feet.....---- 105. 55 
о Зее 79. 20 | 3,375 feet. ........ 92.10 | 4,375 feet. ...-.--- 108. 40 
2,486 feet. ........ 80. 50 | 3,482 feet. ...... :.. 98.60 | 4,462 feet. .......- 110. 15 


According to the Weather Bureau observations for 39 years the 
mean annual air temperature at Wheeling is 56.3°, but Hallock used 
51.3°, the temperature found at a depth of 110 feet in a near-by coal 
mine. I believe 51.3? is too low, for temperatures taken in mine gal- 
leries are misleading. Two years later water at a depth of 103 feet 
in the deep well was found to have a temperature of 52.5°. The 
rate calculated to a depth of 4,462 feet from a mean annual air tem- 
perature of 56° is close to 1° in 83 feet; the rate from 1,350 to 4,462 
feet is 1° in 75.2 feet; from 2,990 to 4,462 feet, 1° in 62.5 feet. 

After taking temperatures in the deep hole near Wheeling when 
it was dry, Hallock * had opportunity to make an additional series 
two years later, when water stood within 40 feet of the top. 


Comparison of temperatures in air and in water in deep well near Wheeling, W. Va. 


Tempera- 

Tempera- | ture in pan ш 

Depth turein | air, 1891, Ir MAE 
(feet). water, inter- еуен 
1893 (°F.). | polated ture (°F.) 

CE). St 
1, 586 70. 12 70.12 —0. 03 
1,921 73. 95 73. 82 + .13 
2,055 15.28 15.42 2. —.14 
2; 276 78.13 71.98 +120 
2,396 79. 54 79.45 + .09 
2,539 81.21 81.15 + .06 
2, 669 a 83. 39 82. 75 43.64 
2,793 84. 56 84.41 --.15 
2,987 86, 12 86, 07 + 108 
3,057 87.42 87. 50 1708 
8,196 89.27 89. 30 — .08 

a Doubtful. 


1 Hallock, William, Subterranean temperatures at Wheeling, W. Va., and Pittsburgh, Pa.: School of 
Mtnes Quart., vol. 18, pp. 148-153, 1897. 
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These determinations show that there is no important difference 
between the air and water temperatures in a hole. 

Hallock made a few observations at a deep boring at Radsford, 
W. Va., but* as the hole was wet he did not complete the determi- 


nations. 
CHELYAN. 


Johnson and Adams made many tests in the lower part of the 5,236— 
foot hole at Chelyan, near Charleston. The results appear to indi- 
cate a temperature of about 129? in the bottom. With a mean annual 
of 57.6°, average of 14 years at Charleston, this indicates a rate of 
1? in 73.3 feet. 

MANNINGTON. 

The temperature determinations in the Hibbs No. 4 hole near Man- 
nington were made with an electric resistance thermometer by John- 
son and Adams and later with a mercury thermometer by Van Or- 
strand. "The results were as follows, with rates of increase calculated 
from the 250-foot reading subtracted from those at lower depths, all 
as indicated by the electric measurement. 


Temperatures in Hibbs No. 4 hole near Mannington, W. Va. 


, Depth per 
Depth Electrie | Mercury | degree of 
(fect) thermom- | thermom- | increase іп 
p’ eter (°Е.). | eter (°F.). | tempera- 

ture Feet). 

100 56. 0 Аа Н КЫШЫ, 

250 54.9 54. a a Ы 
500 57.5 56.7 96 
750 60. 7 60.1 86 
1,000 63.9 63.5 83 
1,250 66.5 66.2 86 
1,500 68,6 68.5 91 
1,750 70.7 70.7 95 
2,000 13.1 73.2 96 
2, 250 75.6 15.4 97 
2,500 78.9 78.8 94 


Tf calculated from the mean annual air temperature the temperature of 78.99 in the bottom of the well 
indicates a gradient of 1° in 93 feet. 
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Observations by Mr. Van Orstrand in a group of wells of the South 
Penn Oil Co. gave the following results: 


Temperature measurements in borings of South Penn Oil Co., near Mannington, W. Va. 


Well 14, Well 6, 
Depths mean of mean of Well 2 Well 4 Well7 
(feet) 3 tests 3 tests ЕЛ; (* F.). (A 
(SE (S T 
100 55.4 53.8 53.6 54.18 
250 60.1 56.7 55.2 54.1 
500 62.4 60.1 58.8 50.7 57.72 
750 63.5 62.4 60.1 
1, 000 67.5 66. 6 65.8 63. 5 64. 62 
1,250 69.3 68. 0 66.2 
1,500 72.0 71.6 70.0 68.5 70. 23 
1,750 79.4 72.9 70.7 
1,980 71.6 
2,000 75.4 75.2 18,2. 75.00 
2,250 78.3 а75.4 
2,500 077.9 80.6 78,8 80. 13 
2, 650 82.6 81.18 
2,750 81.1 81.9 
2,888 ©83. 19 
3,000 486. 4 81.3 
3,134 85. 3 
3,225 88, 3 


а Some gas. 

5 Gas at 2,560 feet. 

с Some gas at 2,875-2,888 feet. 
4 Gas at 2,940 feet. 


Well 9 
(° Е.). 


52.23 
57.31 
63. 82 
70.30 


75. 22 
77.95 


The rates of increase indicated by these observations are as follows: 
Well 14, 250 to 3,000 feet, 1° in 104 feot; well 6, 100 to 1,980 feet, 
1° in 116 feet; well 2, 100 to 2,650 feet, 1? in 90 feet; well 4, 100 to 
3,225 feet, 1° in 90 feet; well 7, 100 to 2,888 feet, 1° in 96 feet; well 9, 
100 to 2,500 feet, 1° in 93 feet. 


SPENCER. 


The 3,403-foot hole bored by the Hope Gas Co. 22 miles east of 
Spencer, Clark County, was tested at 100-foot intervals to 3,250 feet 
by Mr. Van Orstrand with the following results: 


Temperature measurements in well 22 miles east of Spencer, W. Va. 


TE 
100 тебес 54. 1 
200 1ев 2.2.2... 55. 0 
8001ев6252325:22:5 552 56.3 
400 1660293550 Т 5: DAS 
500 ве 2-2... 594 
000 тее 2278: 60. 7 
700 £60 si, ек АЫ: 61. 7 
S00 Тее ces eases 62. 7 
O00 foot; 71 3. 66 


°F. 
1,000 feet...........- 65.1 
10-2 66.0 
1,200; весы а 67.0 
1:900.1өе12:22222--:27 6825 
17400: їееб 5255 69. 9 
1>500:1661-5%%5-2222 22% 70.9 
1,600 feet............ 72.6 
1,700 feet............ 73.5 
1,800 івез.........-.: 5. 47 


1,900 іееб............ 
PAETAE 
2100 ее Е 


2,200 feet 


Ы Аксыл. 


2,400 feet 
2,500 feet 
2,600 feet 
3,250 feet 


The rates of increase indicated by these observations are as follows: 


100 to 3,250 feet, 1° in 83.3 feet; 1,000 to 3,250 feet, 1° in 84 feet. 
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VOLCANO JUNCTION. 


The 4,527-foot.well at Sandhill, 4 miles north of Volcano Junction, 
Wood County, W. Va., was tested at different depths by Mr. Van 
Orstrand with a mercury thermometer for some tests and electrical 
resistance coil for others. The results were as follows: 


Temperature measurements in well 4 miles north of Volcano Junction, W. Va. 


°F, Apt SF 

TOSO teea E A 2 | 1500. Іее%---:-----12 68. 0 | 3,250 feet..........-. 195.0 
HOM ее. (Die lS 700. Тевез 2227223 170. 9 | 3,500 Тееі............ 199.0 
ТО ее „Е 58. 6 2,000 еей 5-2-9 1428 |'3,7D0 Тееб теле 1103. 7 

Se БОП Тее жые сес E 89, 6 |2250, 1060-22-29 179.1 | 4,000 feet........... 1108.8 
900 teeta. 2. 22222701 61. 1 | 2,500. Тее®..---.-.---.--- 82. 7 | 4,100 feet..........-1110. 7 
1,000. 1601. --.——31:227 62. 8 | 2,750 feet............180. 2 | 4,250 feet........... 371971 
12006602252 с ы 65. 29,000). tect... 2577 91.1 


The rates of increase indicated by these observations are as follows: 
100 to 4,250 feet, 1° in 704 feet; 1,000 to 4,250 feet, 1° in 64.6 feet. 


GRANTVILLE. 


A 4,610-foot hole on the Poling farm, 5 miles southeast of Grants- 
ville, W. Va., was tested by Mr. Van Orstrand with the following 
results: ў 


Temperature measurements in well 5 miles southeast of Grantsville, W. Va. 


100 feet..------.....00. 3) 1, 200 feet. ...-..05....07.2 |- 2, 400 1ев2722.2222180:5 
200 feet....-.-......55.8. | 1,800 feet... 0... 2s 00rd 172,500 1ее2727722. 2718128 
300162525286 56. 8 | 1,400 Тееі..:..........69.5 | 2, 600 feet.............82.9 
400 Теег......:.-.::57.9 | 15 500 івег.......:.....70,8 | 2,700 Тее: 2.2 84, 2 
500 feet.............59. 2 | 1,600 feet.:.........-.71. 7 | 2,800 feet.............85.4 
600 feet.............60. 4 | 1, 700 івей.............72.5 | 2,900 feet.............86.8 
700 feet.............61.6 | 1,800 feet.............78.2 | 3, 000 feet.............88.1 
800 Геей.............62.9 | 2, 000 feet.............75.4 | 3, 500 feet.............95.2 
900 feet.............64.1| 2, 100 feet.............76.9 | 4,000 feet............101.8 
1:000. Твен». 29231 65. 2 | 2, 200 feet.............78. 1 | 4, 500 feet...... ......110.8 
1, 100 feet.............65.9 | 2, 800 feet.............79.4 


Some of the rates of increase indicated by these figures are as fol- 
lows: 100—4,500 feet, 1° in 80 feet; 100-2,800 feet, 1° in 90 feet; 
1,000-4,500 feet, 1° in 76.7 feet; 2,000—4,500 feet, 1° in 70.3 feet; 
3,000-4,500 feet, 1? in 66 feet. 


1 Taken with mercury thermometer. 
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SHINNSTON. 


The 4,920-foot hole bored Бу the Hope Gas Со. on the farm of 
E. Robinson at Wyatt, 5 miles northwest of Shinnston, was tested 
at every hundred feet to a depth of 2,000 feet by Mr. Van Orstrand 
with the following results: 


Temperature measurements in a 4,290-foot hole at Wyatt, W. Va. 


жу AI ET 
100 1606.92.22. dust t 54. 5 |.800 feet............... 62.0 | 1, 500 feet............. 68.4 
200 fect 67236913 50:85) 900 1600... 2-222917 62. 9 | 1, 600 feet.............168.0 
ЗОО өе а 211111562511: 000.1ееі:225»24 27591160472 1-127700 Тее аго 
400 Тее БТБ. 100 ісе 552 ләт ООО [17 800 Toot ness ees cade, Laer 
500 feet тақ: 58,91 1,200:ееб....,...2..1.056 | 1, 900 feet... 22 2.555.729 
600 ее 59. 9 | 1, 300 feet.............66.5 | 2, 000 feet.............74.1 
1700увей ЖЕ 57 61. 0 | 1, 400 feet.............67.7 


The rate of increase indicated by the difference in temperature 
between 100 and 2,000 feet is close to 1° in 96 feet; from 1,000 to 
2,000 feet the rate is 1° in 101 feet. 


LAKE WELL. 


This well reached a depth of 7,579 feet when drilling ceased in 1919. 
It is about 8 miles south of Fairmont, W. Va. Van Orstrand found 
the temperature at 7,500 feet to be 168.6°, indicating an average rate 
of temperature increase of 1° in 66 feet. 

Mr. Van Orstrand has also given a series of measurements from 
100 to 5,400 feet as follows: 


Temperature measurements in well on Lake Farm, 4 miles northeast of Valley Falls, W. Va. 


oF, °F, af 

100 Лев еке 59.1.1.1,300 feeb. ыле 6972 3,200 [ее тт 93. 6 
200 feet........... 155528117400 foot seo e тс 70. 6 | 3,500 feet. . .......... 95.4 
800:.Теві: 27222222206 57.5 | 1,500 feet. .........-. 71. 8 | 3,750 feet. .......... 100. 9 
400 їееї..............- 58.8 | 1,600 feet. . .......... 73.1 | 4,000 feet........... 104. 5 
500 feet...........-.-- 59.9 | 1,700 feet..........-. 74.3 | 4,250 івеб........... 106. 0 
600 Loet 17.0707. 61:0: | 1800 геев... 75.8 | 4,500 іве.........:. 111.4 
ТОО еен 225502 -2221-02.:2, 101,900 fect 758-537 76.7 | 4,750 feet............ 116.2 
800 feet 2222.92.20 ЫЕ: 62.8 | 2,000 feet. ........... 78.4 | 5,000 feet. .......... 120. 7 
900 feet...............64.4 | 2,250 feet. ........... 82.4 | 5,250 feet. .......... 126.1 
1,000 feet. ........... 65. 6 | 2,500 feet. ........... 86.0 | 5,400 feet. .......... 129.2 
100Лее 65222222221 66. 8 | 2,750 feet. ........... 89.2 

13200 feet ЖЕШ Се 68. 1 | 3,000 feet........ 20075 


The rate of increase from 100 to 5,400 feet is 1° in 70 feet. 
GOFF WELL. 3 


The well оп the Goff farm is about 8 miles northeast of Clarksburg 
in the northern part of West Virginia. Its depth is 7,386 feet. 


1 A small discharge of gas occurs ot 1,610 feet. 
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Tests were made by Mr. Van Orstrand at various depths in the 
well with the following results: 


Temperature measuremenis in Goff well 4 miles northeast of Bridgeport, W. Va. 


oR oF, SA E 

100 еес 2232807 023-00. 0/1:1,300 861225952 ene s 6625:1:2,500 ее 81.0 
200: feet Seige stew win 56.3 11,400 їееб ли... 67. 2 | 3,000 feet. ........... 87.6 
500.1665.3е-:2.--2551:07-04 И500Левф 222242221 67. 8 | 3,500 feet. ........... 93.8 
400. feeb erre 58.8 | 1,600 feet. ..........- 68. 0 | 4,000 feet. .......... 100. 0 
500 feet seseseeen eus 60:212:100166%22..:4------ 67.8 | 4,500 feet. . ......... 107.2 
600. ее ooo rrr 61. 6 | 1,800 feet. ..........- 70.8 | 5,000 feet. .......... 114.2 
400 СЫН see co три vel 62.5 1:1 900 feet = 22277. 73.6 | 5,500 ев. 225722222 192,3 
800 feet 205 325.01 Энд 63. 5 | 2,000 feet. .-....-...- 74.9 | 6,000 feet. .......... 132.1 
eto penu 64. 5 | 2,100 іееб............ 76.1 | 6,500 feet. . ......... 143.2 
1,000 feet: 2.27.2. др 65.3.1 2,200 feet see 2227... Jiro 19,000 feet еее 153.2 
T5100 ее; 2555-5251 65. 8 | 2,300 feet. .......-... 78.3 | 7,250 feet. .......... 157.7 
1,200 feet. . .......... 65.5 | 2,400 feet..........-- 79'S 7,010 САН E 1 158.3 


Some of the rates of increase indicated by these figures аге as 
follows: 100 to 7,310 feet, 1° in 70.2 feet; 100 to 7,000 feet, 1° in 
70.7 feet; 100 to 5,000 feet, 1° in 83.6 feet; 1,000 to 7,310 feet, 1° 
in 67.8 feet; 2,000 to 7,310 feet, 1° in 63.7 feet; 4,000 to 7,250 feet, 
1° in 56.3 feet. 


WISCONSIN. 


TEMPERATURES. 


Temperatures of flows of certain Wisconsin wells are given in the 
reports of the State Survey? and water-supply papers of the United 
States Geological Survey, but for the most part the depth from which 
the flows are derived is not given, and some of the wells are pumped. 
The following selected list may afford a few data of value: 


1 Regarded as about 0.5° F. too low. 
2 Weidman, Samuel, and Schultz, A. R., The underground and surface water ЖУУЙТ of Wisconsin; 
Wisconsin Geol. and Nat. Hist. Survey Bull. 35, 664 pp., 5 pls., 1915. 
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Temperatures in wells in Wisconsin. 


STATES. 


Depth 
per 
Flow Mean | degree 
E As (gal- Tem- алш of in- 
ер ons | pera- em- | crease 
Location, (feet). per ture | pera- in Remarks. 
min- | (F.). | ture | tem- 
ute) (°F.). | pera- 
ture 
(feet) 
Crawford County: 
Prairie du Chien a. .... 350-375 200 54 7.5 54 
Пока ОАТ 960-1, 004 540 57 AT sy? р 2:994 
ee Lake County: Ber- 425 | Many. 52 b 45.2 63 | Flow from below 324 feet,c 
Marinette County: Mari- 7161455. 49 4 43.3 71 | Cased to 333 feet; water at 
nette. 405-410 feet; not any below 
415 feet. 
Oconto County: Oconto.... 400 450 50 644,1 68 | Cased to 225 feet; source of 
flow unknown. 
Pepin County: Durand f... 200 | Many. 51 2 44.2 30 
Richland County: Rich- 748 | 2,400 53 h 45,3 96 | Pumped 11 feet; water proba- 
land Center. bly from considerably above 
bottom, 
Sheboygan County: She- 1,475 225 | 459.1 | 745.7 100 | Pumped 104 feet; main sup- 
boygan.f ply probably from 1,340 feet. 
Vernon County: 
450 200 52 k 46.7 87 гаса 30 feet. 
446 126 52 146.7 84 
1,050 | Мапу. 58 46 88 Air Titt, pumped 155 feet. 


a Calculated to depth of 1,340 feet. 

b Oshkosh average for 28 years, 

с Wisconsin Geol. and Nat. Hist. Survey Bull. 35, p. 364, 1914, 
4 Average at Menominee, Mich., for 18 years. 

е Average for 26 years. 

f Wisconsin Geol. and Nat. Hist. Survey Bull. 35, p. 502, 1914, 
2 Idem, p. 284, 

^ Viroqua average for 27 years plus 0.5 

* Wisconsin Geol. and Nat. Hist. pur p. 569, 1914, 

2 Average for 18 years. 

k Mean of La Crosse and Prairie du Chien, 

1 Delavan average for 24 years. 


SUMMARY. 


Exclusive of Sheboygan, Elkhorn, and Richland wells, of which 
the true underground temperatures are uncertain, there is a fair 
degree of accordance in the rates indicated by the Prairie du Chien, 
Berlin, Marinette, Genoa, De Soto, and Oconto wells. Owing, how- 
ever, to some uncertainty as to the precise source of water, the 
figures can be regarded only as approximations. The temperature 
of the flow from relatively shallow wells at Durand indicates a high 


rate. 
GEOLOGIC RELATIONS. 


The wells in the above list are all in the Paleozoic rocks on the 
slope of the low structural dome whose summit is in the broad area 
of crystalline rocks that occupies the northern part of the State. 
There are no local disturbances of any note. All the wells draw 
Írom sandstone, either the St. Peter sandstone, as at Oconto and 
Sheboygan, or the "Upper Cambrian, some distance below the St. 
Peter horizon. At Marinette the granite “bedrock” is reached at 
a depth of 712 feet, and at Richland at 665 feet. At Durand it is 
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not far below the bottom of the 200-foot well. At Sheboygan a 
hole 1,782 feet deep did not reach the bedrock. There is no appar- 
ent relation between the gradients and geologic conditions. 


WYOMING. 


| ` The deep-well temperatures in Wyoming given in the following 
table were carefully determined with Darton thermometers sunk to` 
the bottom of the holes by my assistants or myself. 


Temperatures in wells in Wyoming. 


Depth 
Mean per 
Depth Tem- annual | degree of P 
(feat) perature | air tem- | increase Remarks, 
E (°F.). | perature | in tem- 
CF.) | perature 
(feet). 
Big Horn County: 
SW. 1 SE. 1 sec. 27, T. 102, 1,400 66 a 40 54| Dry hole; thermometer sunk 
R. 48, 10 miles south west by C. A. Fisher, 
of Meteetse. 
хаара ные сны» 1,475 59 b 45.2 107 | Thermometer sunk by G, D. 
Richardson, 1899. 
Newcastle, 2 miles west.... 374 63 45.2 21 | Thermometer sunk by N. H. 
Darton, 1900. 


а Mean annual air temperature at Four Bear, 10 miles west, pius 0.3? for lower altitude. 
b Newcastle average. 

All these figures are correct, and no vitiating conditions are indi- 
cated. The Cambria and Newcastle wells were full of water. The 
steep gradient of the Newcastle well is inexplicable. 
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